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?-(h.-thiazo:Lyl)bonzim:idazole~ "rJdc'lbc:nd<17.o1e' , a broacl 
spec trulH <-.. ll.Lbp I.Hill tl. c affc c t:l.ngr;as tro·-intes tj nal p2.J:il. 3). ;~(, <; 
5-hydroxythiabendazole ~ I t ~va.s pos tula ted tJ1Z"i t il·:ld.:)i LLor; 
of thiahendazolc hydroxylation might therefore p:;clo!:)g the d.c~l{>·1 s 
antlwlmintic eftcct. Accordingly, a study of the J:.~~L~ 
end ~v.:.~~ hyclroxyla tion . was undel~tnh:en. 
5··hydroxytJuabcnd'.:tzolc ,,,as synthesj. sed h J' 8 novcl 
cherr;:L0al route. TIlc physico-chemical properties of t})C 
valuc8 ·o.f qu then tic,1.l. ted sai1lpl(~s ~ 
ki assay system for the measurement of tj •• hyuroxythiabend-
azoIc in the presence of large amounts of tld.abellda:,~olc 
was :tevcloped from tJle fluoriJilC trir) me thod of. Tocco !-~ t ale, 196h. 
Tho moclj i'icd assay "IUS then used to investigate bu:ffer and 
cnf'actor requirem8nts for a study of the in vi tr0 ;~.ydr0)~yL' tion 
of thiabendazolo. 
Hydroxyla ti on of thiatJenduzole in tile rn t ,\,12.S demorJf"t7u te~ 
to be a f~tnction of' the live:!:' micrOSO::lal fr;:lCt:.ton. a~'.d ,,;as 
. , 
3ubsequentl~r showY! to cytochrome P J "'O·-dope:;.dent. ':;.'he KI:1(rp.t) t;J 
,. 
of thiabeildCl.zolc-5-hydroxy la~H~ was found to 8.3 x 1 0- :-~1 F.:'. (1. 
thiabendazoln ",afo; shown in kine tic and b:i!'IC!il1G (':-:P(;X'j '!Ient.s 
70 int~ra~t \'lith the hemellloiety OI cytocln~ol~lO p . 
. 1~ 50 0 
Ir:'!estit~ntion of the kino:i;ics of' inhthi i,ion sl101~ed tlHl..:' 
., 
etl1::>x.,rqui ll. \'.'as an effective inhihi tOl~ 01' tld.:·bo'lrJa:,>;oJe 
( .. ) \ J.:L 
J:letabolimi1 and this compound demonstrated syner,u,:i 5+;ic 
activi ty tOlva1'ds li. dubi~.:::: ,dlor1 co-ndmini stered wi th thjab311rl-
a20le. The llleclmnislll or tllis 5yn(~1'(';isl1l ".'0.1'3 inv6Dti:'s'() ted and 
one of' the f'indings ,.ras tllat ethoxyquin inhibJ ted. (;'clst1':i.c: 
emptyi n{;,. Other more effective inhibi tors of tld.allend<lzole"· 
5-hydroxylase ac ti vi ty and of gas tric emptyin l ; were 
inves ti.r,a ted, and destllethyli rnipramine seloc ted :fo1' pote') tin. tion 
test. 
Inhibi tion of the fumarctte reductase system of Ascaris 
and Fasciola mitochondria were studied,in order to study the 
mode of action of a ne,,, antholmintic, an analogue of 
thiabendazole, Caniliendazole. 
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IIHcre is Edward l:h~ar, comi.nr; dO-,'lllstairs now, hurr:p, bump, 
bUIllP, on the back of' his head~ behind Christ0pher Rohin. 
It is, an f'ar as h(! l-::nOKS, the only way of cOl~lin{~ rJovln-
stairs, but sc:metiJl1E'b he :feels that there really is 
another way, if' only jw cou.ld stop bumpinG' f'or a morlOnt 
and think o:f it. And then l~e f'eels that perhaps there 
isn't. Anyho,,,, here he is at the bottom, and ready to 
be introduced to you." 
A. A. t>iilne 
(v:i 1) 
j CHAPTER ONE 
Introd.uction. 
I t is 11.01')" c:tlmos t nni vcrsnlly acknowledCed that many 
lipid-~oluble drues undergo a variety of oxidatl.vo mctabolic 
c]w.nges before th~y arc excreted into the bile or air9 
Some drllgs are designed to T·eseml::,le s'...lbstanees normally 
syntheGi7,(~d and cu tabolised by the body and 2(re thus brokon 
down by specific enzymes ~.,Jlich act on lipids, indoles, nucleic 
acids, steroicls, amino-acifts, catecholarnilJes etc. l"ost 
dru.gs are metaholised slowly by thes9 enzynles or have no 
endo~eno~3 counterpart and are chiefly metabolised by the 
non-specific mixed function oxidases of the liver. One of 
the major functions of' the hepatic 'mix.ed. fUl1(;tion cxidnses' 
is the hydroxyla.tion of lipid-soluble compounds, which 
increases the water-so1.ubility of' the compounds, thereby 
rendering them susceptibln to urinary excretion. A few 
drug;:" such as peniCillin, are already Viater-soluble and 
these drugs are :t'oadily excreted unchan(;'ed .. At the other 
extreme, the insecticide DDT is extremely lipid-solutle and 
/ 
is taken up and stored extensively by adipo~e tissue. The 
slm .. release of this COITlP0U11d from fat stores af'i'ects a 1011,'5 
bioloEi ca]_ half-lite in Il1cl.l1l111G.ls. The chant~e in rr.olccular 
structure tr.a.t occurs to a xenobiotic is f'requently associated 
wi th· a decrease in pJ-..ar1Eacolur;ical ac ti vi ty, although ill borne 
cases, as whnn an 'active l1leta l jollte' is formed, ar~ increar.e 
:1.11 phaJ.'n;aC'olo{?;:ical activi ty lllay occur • 
. 1-
1 ,1. 
2- ('r--ThiC1zoJyl) ben:;>;:lld:i.clrt7.oJn ~ 'Tldnl)())1.dazolc' u hroad. 
spectrum [tnthelr:1int:i.c, if; rendil) mctElbolLJcd at the 5-
posi. 'cion. This llydroxy-dor:l va ti ve is Lllh~~cqucnt.ly conju-. 
ga tcd to glucuronide ond su.lph~~ l;o Of; J';0r'S a::; sbO~'ln :l.ll l"ir.;'u:ce 
Thesc es tel'S have :i..llcrea:3ecl soll1biJ i ty in 'vater and 
are easily eXCl'e ted by the ho:-; i:. 
its conjuc".cltes are virtual.l_y :i.n:Clct:i.V0 at> anthclnt1ntics 
of the 8i te of th:Lao(mdazole motaholisi'll and tho l'lccJ12uil:-;m 
iTlcr·eased. • .An unclerstan(~iJlti of the- drug··o:xid~t tion SYf;t~~:il 
of' the liver and fI revi (""'" of pubLi shed data COllC(~rn:i.:'lg 
thiabendazole metp.bolienl must be briefly covered bororo 
considero. ti on of the pro~::: 1em iIi (lepth. 
1 • ~. 
Brodie et 0.1 (1958)and'J\xclrod(1956) found that liver 
microsomes were able to hydro:cy 1<:1. to nl.l11,erOUS druas. Hmv-
ever, -the no. turG o;~ the enzyme sys tom respol1si bIc for 
druG' o~:iG.ation r(:'rnail~ed obscure until in 1963, Estahrook 
2.t 0.1 , detected in the microsomes of' adrenal cortex cc.lls .. 
a uni.(~ue cytochrome-cnzyrne cor;lp1(>x termed 'cyto<;hrome P q50' ' 
Thi s hemopro teln binds in i t::.; r~~duced s ta to ( 1"0. 2+) to 
carbon monoxide to yield [I cor:lplex htl'Jin!!, an abt;orptioll 
spectrum with a maximLllll at I'SOTlJ11 (Omura ~'" Sato, 196 1f). 
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li'lGURE 1. 010 Strllct;·d:ral forllJulR0 of th:in.bbJ1.dhZ())o'': and 
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The same type o:f cytochrome had in :fact been detected in 
ljver cells some years prev:!..ou91y by Klingenberg (195 8 ). 
l10Hever it Vias not unt:il 1965 that Rommel' ~.l and Frn~3ter 
et ~ (1965) independently show()d the. t the cytoch:vomc was 
responsible for druG oxidations. CytocJ}rome P hso is rIot 
present in all tisstlE')fj, although it has also been detected 
in the ml. tochor:dria of the adrenal cortex (Hartling ~t C11., 
1964 l{ileon et 0.1., 1965 ) and in the corpus lutcum 
(Yohro et al., 19(7) in yeast (Ishidate 2'.:...~1., 19(9) and 
in Rhiz:obj~l.-J!'Eonj:.£..~ bat, teroids (App leby, 19(7) n 
Solubli.sa tl.on and p<lrtial purii'ica tion of' cy tochrome 1-'450 
has been achieved "'i th mil terial :fl~Orl rabbi t Ii Vel" micros Olll3S 
( Lu ~t al., 19(8) and in Candida trOl??:-~~~J LebE-aul t 
et a1., 1971) 
The cytochrome P h50 deJ.~en,lent drug-me tabolis ~:ng enzyme 
system of the man malian liver is reh" tiv.ely unspeci :fic. A 
variety of oxida ti ve and redllc tive /1!odifici":1 tions to drug 
structure way occur including hydroxylation, dealkylation, 
'the 1'orr.,8. tivn of ni trol:o;en oxi.des, hydroxylamines and 
sl.llphoxides; del1:l.logena t.ion and reduc ti on of azo- and ni tro-
compounds (Parke 1968). The reactions carried out by this 
enzyme system have a re;ll.lirement 1'01' bo l~h Cl l'eductant 
(NADPH) and moleuular oxygen (Axe~rod,1960, La Du et al 
1954) a 1:;, .. 1 ")uch reactiO!lf> hhve bee!l termed "Mixed :f:'unction 
oxidations". 
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alld can be exprossed in ;;he 1'01] o':'ing JlliJiUler where x 
, /' \ 
represenb3 the rlrug F,ubsb:'ate (Om'lra ~l.l. 19u5). 
X.ll + NADPH + 
Althou(;h the ahove equc~tion :indic~1.tes that the reductant 
is exclusively NADPH, the experiments of Cohen nnd Estabrook 
(1971b) h,",ve indiCated that this is n.ot the caE,e. The 
microsomal deme thyla tion of' aminopyritw iJ1 vi tr<!, ,"!as 8110 ..... 'n 
to utill.se only one half' of the reducing pOl'ler of' tl~::: N/.DPH 
addGd to the reac ti011. lflixture. How the second eleci..roD 
comes into play E1.nd hm., it reacts with the availdblc subsi:"'ate 
is not yet known, alt.hough a second electron system present 
in the endop.1.asrntc reticulum in "hich the cyt001comal 
acceptor is cytochrome b 5 (Strittmatter, 19(5), has been 
implicated. Hildebrandt and J~stabrook (1971) and Cohen and 
Estabrook (1971 a, b; c) have shm'm that, althOUGh microsom3.1 
mixed f'unc tion oxida tions demons tra te a D1Clrked pr~i'el'r.nl('e 
for NADP1I, a very laree increase in the rat.e of the r0action 
can be demonstrated when NADH is added to incubation 
mixtures containing sub-opt"!.ltlal NADPH concentrations. 
These authors suggest t!lat the NADH directly interact::, llTith 
++ 
cyt~r.hrome P1r:O or i1;S oxygenated derivative (P-h50 ) .. G2 The ~.J 
theoretica.l. requ1.renlGnt of: two electrons for nIixl>.j function 
oxidation reactions introducos the possibility that the 
reductton of cytochrome P450 J8 a two electro~l process. 
The reaction serluences proposed i>;. connection wj tli thi:::. 
I 
0\ 
I 
FIGfRE 1 .2..Schematic rep~esentation of the possible interaction.s of the t':Jo types of respiratory 
chains involved in hep3.tic microsorral drug rr~'~abolism 
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hypoth8sis is shown ';'n :::'ie;Jre :'.2. This ~:iechanism SU{~geAts 
that further reduetio:. o:f t.ile reduced form of cytochrome 
p L!50 doet> not 0nl:; hav", a specific re(juirement for NAl)!:)H 
but Ai ther NADH, through NADlr - cyt')chrorne bl'" reductase, 
..J 
or NADPH, throue:h NADPH - cyrtochromc c reductase, could 
be used for the reduction of the oxygenated-cytochrome P450. 
On the scheme shown in Figure 1.2. NADH and NADPH 
functlon as electron clonors) that donate electrons to 
the cytochrome P 1~50 drug COlllplex, via flavoprotein 
reduc tases. Oxy(~en tLen il: terac ts \vi th the fully reducGd 
cytochrome P450 , and catalyses the introduction of atom 
of oxygen into the substrat~ whilst reducing the other to 
,.,acer (Narasuma !3t a] 1965)0 
\fhen foreign subs tla tE:S are added to micro somC:tl prep-
arations c0ntainine cytochrome P450' there is a change in 
the absorption snectrulll of cytochrome PI 'Ow 
, ~, This probably 
arises as a result of changes.in the r:icro-envi.ronment of 
the heme moiety follo"dlng the interaction .)f the [.;ubs tra te 
with cytochrome P450 (McLean, 1967). Drinciplc types of spectrel 
shiY·t have been noted as shown in Figure 1.3. It is 
8UPpo!Jod that x~~nohiotic.s underf'~'oing oxida tioTl interact 
with tl . ( J+, 
.. 1e oXldif'led form of cyt·och:Y.'ome P 450 Fe ) arid the 
rate limiting step of the reaction is th~ reducti.on of the 
heme iron, which incrcC1I'::;f's if a s' ..lbstrate is bound to the 
-7-
FIG. t .3. Srher?lO I)f:' r1rur;- reaction" , . .-i t!l (;vtochl'c.mo -1'450-
?t:£W'ing s5.tes ot" int~ractio;; of' xenobiotics with Cytochror.':- 1'450 and binding spectrp obl..alned with typ~ 1 compounds (Hexobarb:!.ta~) 
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J3inc.ing to the 6th li{fSnd 
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hydrophobic r~gion (Ty?c 1) ard ~Acreases if a basic 
ccmpnuud occupies the sixth ligar.Ll (Type II) GilSon .ct al., 
A third "tY't!8 of spectra, the reverse type T -:>r 
modified type II spec tra~ s~li:ft (sche.i.lkman e i:; al., 196'h,19'/2) 
has been interpret9d as beine; due to interaction of lipid 
soh1.ble compounds wi th the substrate bound form of cytochrome 
P450 ::It a site other than the type II si+e. 
One qnestion that still remains unx'esolved, is whether 
cytochrome P450 exists in two or more £unctionally different 
fOl'ms of the same hemoprotein, or whother it ex:Lsts in t,'lO 
or :nore structurally different forms, each :form being more 
specific to some substrates than others. Evidence sUEgests 
the. t the idea of mO:i.~e than t",o s truc tural f'orllls o:f cytochrome 
P450' is not compatible with the fact that drUGS which have 
a high affinity to cytochrome P450 such as SKF 525A, iriliibit 
the mctaboli;:;m of nea:;:-ly all the compounds that react with 
cytoc~~ome P450. (Anders at a~.,1966). cloreuver, the available 
kinetic o..ffers no evidence for the existence of many enzymos 
(Remmer (1970)1 
1~5. Induc'tion of (h'ur" metabolism • 
. - ... ------.--~-""- --
A great vari~ty of lipid soluble dru{:;'s :LJ~,Grcase their 
o'''n metabolism Hnd the rnetc-lbo1:Lslll of' other compounds 1.1hich 
[t1"e not rela ted pharrnacolotp,ically or cltomically, by l-o,ducing 
the clrug-hydroxyla ting enzyme system in the enJoplasr;;:i_,; re'ti-
onIum of the liver (n.EHl1lTler 1962; COllnoy 19(9). The 1n<1u(; tion 
of' dTug-metabolisin{;, enzyme ftoti vi ty by the xenolJ:Lotic, can 
occur through a vari0ty of' :routes. Tll.t~s induction of hOPEI,tic 
microsomal en~ymes follows intra-pOl'itcneal jnjectlon of J-
-9-
( -1 ) methyl-·cholunthrenp. 2CJ lTlG" k{~· , subcu ~alle.rus inj ec t.i.on or 
DDT (100 mg kg- 1 ) or orally adil1ini::>-tere<i pheno-barbi ton~~ 
(1 mg lt11- 1 in the (1.:rinki.ng l;ater for' 21 day~~). This non--
specific pheJLOnlOnen, , .. hic~i ha~1 boen observc:cl in all mall1lll<llj.an 
opecies so far investig-q ted, call 1"'(~vie"rcJ as ;>n :tdaptiv'c 
process th2.t att~mpl;s to pro~ect the or;,~anis"l againsi; all 
overlQad of foreii~n compound::. (nermncr, & Merker, 1963). 
This adaptation of the animal to the repeated administ·-
ra tion of foreign compo'lnds has a. special siF,nificance in 
chroni~ toxicity studies. For example, durin~ the first few 
days, the daily 
-1) 
adrninistra tion 01' phenylbutazol1(;) to dogs (100 
m~ kg a high plasma concentration of the drug was found. 
and certain urH'lanted side e:f+'ects such as bloody stools 
and vomi ting ,>'ere ohao.eved. Howov;;r, as the ch:conic adminis-
tra t:l.O.ll continued, tile plasma leveI 01' phonylbutazolLe deel,'eascd, 
and the side effects disap~eared. Wh::m the daily dose ~vas 
incr8ased j the side effe:)ts , .. ore a{;ain observed (\,lelch ~s!.....!.~h, 
Bec3.\lse of the inductive effect::; of drug's such as pento-
barbi. tal, phenoba.cbJ. tone) chlo:cocycLLzine (~tc 3, proloDged 
treatment with such cOli~oundd would be expected to decreaso 
their effectivenoss and toxicity. Certain contaminn.nts, 
present in the envirohlrlen-c have been shown to D tif11uln.i;e 
the motabolism or dru;~s and other rore:1.!~n compounds. TheEe 
incJ.ude insectjc;,des and other A.gricultural cl10micaJ.s, food 
addl tives and po lycyclic hydrocarhons found. in polluted 0:1. ty 
air, ci~arette srnok~) and in certain cooked foods (Conney 
-10-
log:Lcal half-liJ'('~ 
TIl(: [lCquonce of' GV(;ntf"; involvod in the increase in drug 
metnl>olism foIl en-ring tr!ca tmcnt '.6th an cn:-:ymc in(luocr such 3.S 
phenobarbi tone, hElve boen de[;cl"':U)cd by HClfImer (1970). The 
first cnz.ymo tIl« t incrca~;es duriJlg induc ti 0n is S,<ufiino-Jevu-
linie acid synthetase, ~\'hich :Ls involv8cl in the syuthcs:i.s of' 
home (H<lrver .1969) ~ TIds i f; i'o11(nIC~d by an increase in the 
·level of cytochrome P J~50 awl the specific flr:\',rin enzYHG (uhich 
is involved in the eloctron tran::,port) See Fig.1 •. ?..Othor 0nZYI1!(~;:; 
not directly inv01vod in druG'· hydr'oxylation :1.ncrcase :La tcr to 
n smallen. extont~ 'rhis :1.s the case for cytoch:"omo br::: and the 
::> 
unsp~c:Li'ic liv':.lr est<.>rase (nelmner .ot a~~) 1965). If treatment 
wi th the inducing agt::nt is not termina ted, ~h€~ in.:::reC,se i~: 
cytochrome PI t'O continues until a maximal alHount Js f'(;j."r:,~:d 
l.; 
a1'ter to .5 days and <:: ne\; steady btate is achieved. 
80 long as the' inducjllg agent is present in the liver cells, 
it enhances the rate of' syn tIle ~;:i.s 0 f the llemc as well as elf: 
the protein moiety,by causinG an increace in messenger RNA 
formation in the nucleus. (Kunz £! __ ~iJ 1971). Hommer si.,{~gests 
that this occurs prcsumably by reaction \·.,i th a repressor 
compound~ The protein breakdowll 888ms pa[:sively ~~o 1'0 1 1 c';.' 
the increased synthesis rate (Greim at al 1970).· A signif'i-
cant 8nhancelilent of' the enJ.oplR~mic re ticuludl of' t~c Ii vcr is 
visible ,vi th the; clectrcm microscope (Hemmer & Perker, 1963) 
1)le SDooth J;'8IllhrallCS in the liver co 1.1.5 incrou8c 
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the liver becomcf; larger, predoi~rin2ntly hy hypert.rophy. 
Any drug that can by Jlyclroxyla ted ca!1 compete IIi th <:1nother 
drug for the enzyme. Deporlcling on the a).~f'ini ty and on the 
concen~ration of each dru~ in the liver, inhibition of hydroxy 
-'lation cail in f'act occur (;'l..nders ~ .... L~l.-l.) 1966). It was 
observed that the COliUflOll.ly employed inhibi tor of drug meta-
boli sm, 2-die thylarninoethyl -2, 2.-diphenylvulera te (SK.1:" 525A) 
prolonG'cd the hypnotic action of hexo;)Qrbi tal in rats and mice 
(Cook et ;:t1.,195h). Furtherrnor(..;;, it was reported that SIUi' 
525A was effective when administered orally (100mg- kg:- 1 ) 01' 
intra-r>eritonea.1.ly (25 mg 10.;-1). The proloD[ption of hexo-
barbi tal hypnosis uegan Immedia t:~ly after administration of 
SKF 525A and persisted for abou~ 15 hours. The prolong-Ltg' 
ef:f:'ect of SlIT 525A was dc c3e rela ted. 
It should be noted t11<1.t a xenobiotic does not nocessarily 
have to under(;o metaholism to inhi.bi t the micrc)somal enzymes, 
PO long as it ~inds to the active site of the enzyme. An 
exampl~ is seen in the prirnaL~y amines, 2, 4-dichloro-6-plwnyl_ 
phenoxyethylami ne and 2-amin,'lethyl 2, )-diphenyl valera te, 
'''hich are not rnetabolisecl but still ser~.re UJ pot l3nt inhibi tors 
of drug n,etaholism. (And8rs 1971). Hubin t.!...~., (196h) and 
~fcMaho~ .. (19()2) have sumrnarise(~ the L'equirements thct tare 
nec~essary for a compound ttl be an ef:fecl;iv~ inhihi tor of' 
drug meti:l1-)olism .!.11. vivo. Thebe in-:::lude (a) abs'.)rption and 
distribution of the inhihitor must :f:.tvour its accllrnulaLion 
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in the liver (b) tllG inh~.bito.;:' must .llOC prorl.uc(' t.)xjJ~ bffcs/:;s 
before inhibitory lC)"1!cls a"~a reach::ld in the liver (c) the lill! 
of the inhibitor shou:!.d not appreciably excc::erl that of the 
substrate (d) the Vrnax of the inhibitor should no;'; exceed that 
of the subs tra te)::::o as to main tai::1. j ts pre~J ence ut the lile tab-
olic si te (e) al tern<'\. ti ve p<1. tlnvay:.::; of metabolism (i,e.. nOll mi '~:r.o 
-somal) slwulrl playa mino!' role ill the dJ.spersion or the 
inhib~tor. (f) the inhi~itor should not be 8xcreted mnre 
rapidly than the substrate. 
1. 7. 
Hany variables I eX01uclL~g the external environment, ;m).~t 
be considered as important l~ac tors in species elif ..l'er("l1ces in 
drug metabolism. An!ong thes:} are di1~ference;:; in bJ·cld:Lng, e1 ther 
to tissues or to plasma compOXlents sllch as albumin. Large 
species variations :i 1"1 binding 11ave bec.n reported for. the name 
drug' (1{it"t~iak et al., 1969). However, specie::::, strain and intra-
strain differences in d:cug - res~onse appear to be primariJ.y to 
variations in rates of drn~ elimination. (Quinn 0t al. 1958. 
--- , , 
Vessell and Pag~ 1968a,b,c, 1969). These variations arise 
predominan ely from cl:!.1'ferences in ra tes of' drug metaholism 
wi thin the Bmooth ondoplasmic re ticulnrn (micrOSOtnfL3) or 1i vcr 
cells (I"outs 1963) ~ This is shmm by the j~ind:i.ngthn. t drugs 
such as barbital and 0 i~hGr tllerapeutic agents, \vtdch are not 
llle taboltcally tran:,:/:'oj'med to a great extent,;.,huw· a HlI"!.c..:h 
t;maller spacins variatj.oIi in rates of metal)olisllI (Vessel; 19'72). 
Marked species vari .. <:l tioHs havG beGn s~lOwn in bo tIl lem and Vll1ax 
f;:)r the metaholi!=Hll ot' ethyl morphine in 1i ver micl'osomes 
~,1 J-
in vitro 
mon~eys (Castro et ai., 1967). 
Frequently, it happens tha t a drug raay be me taboli sed 
by different routes to yteld a variety of meta:ooliteR ~ 
Species differences in drillS metab15 sm may til.on be at trihutable 
to differences in the quanti to. tive importance o:f each pa tln{ay. 
Thus, tho oxidation of the side enain in butyl-p-nitrophollyl 
ether \v-as found to he species dependent (Yosldrnura ~';;....l,; 1967). 
Habbits and guinea-pigs metabolJsed the compound rnai:aly by 
(<J-1) hydroxylation, whereas the rats and mice metabolised 
more through 0(. and ,~-ox:i.dation. 
ftudies _ith cyclodiene epoxide insecticide enatiomers 
have :lndicat0d that pif,' live!' microsomes metqbolisod one 
enatiomer by hydrolytic epoxide cleavag'e (NADPH not l'"equired)~ 
and the other by oxidative attack (Brooks et. aL 1968) (NADPH 
and 02 required). An intere8ting consequence of t]'.ese 
f'indLlg~ is that the houserly :Hetabolise~ the compound by 
oxidative mechqnisms, which are susceptible to inhibition 
by insect--icide synergists of' the 1,3-benzodiuxole type. 
?hus the pig may be partially protected aeair..st synergistic 
combinations of' this type by the apparent ability o:f its 
l~icrosomes to metabC'lise half the inse'.:ticide by a hyd.rolytic 
process tn1.3,ffected by these synergist..;. 
! .8. }1!~llletab()Jism 01 .the anthell1li~ltic ?--('-l.-thi(~olYl) 
ben~imid~~ole (Thjnbendazola). 
--'~-----"- -_.-_ ... _-
Helmt,)~thiases of man and anima) s have been recognised 
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as parasi tic di:·;(~a.S0S of' some importcnco roY.' many yeal·."," 
Mo~t of the early agent.'-l used. t:J combat helE1inth:lasos \.'Gr.~ 
ei thor highly COlaU1'0d (rye.'i tuff's or compound.s lllhich G'fH'0 
rise to deeply-coloured meUl.1)olitGbo Phenotllia:dno was on0 
of the early commercial :.l.}lthelmint:i.c5 used. in the treatment 
of h(:!,!.millthias(~s in animals. TJi8 search j'or a broad spoctrum 
orally •. acti ve antl1elu-d.'J.tic, which '·lotd.d he llontoxic ar.d llun.-
3tain:1.ng, "JaS ir1i tia ted in the 1950 I s by Nerc)>: Researdl 
Laboratories. 
After a thorongh study of a number of 2-hetorosuhsti tut'sd 
oenzimi(lazoles, 2- (4~. thiazolyl) benzimidazole (t.hial.)(mdazole) 
was selec ted as the cancU.cia te for Ilrocluc t devolopmen t. 2:.1'1 
addi t:ion to its ef'fec t 011 er;-ge and lClrvae, thiabendazole 
demons T.rn ted signirican t ac ti vi ty agcd.ns t adult wor'lns When 
administered orally to.Ascari~_-ildected sheep) goats, cattle, 
horses, swine, dogs and poultry, The compolmcl appeared to 
be well tolerated and did not stain the sId-n, hair or wool 
of animals. In sheep, a sinl;le oral dose of 50 mc/kg of body 
weight removed 959b of the tots l \Vorms beloneing to several 
initial introduction at> e;l anthelmintic for use in sheep, 
t:tJ.iabendazole has found ,,"3.despread applicat,ion in a number of 
The utility vf th~abendazole derjvea 
lar;;ely from its acceptp.ble '!)X'operties (colourless, odour .. 
less, tas -:'eless, pon-staining), f'rlflu its broad ~pec trtlll1 of 
• r' -l~-
anthel~intic activity an~ f~om ~ts wide mar~in of safety in 
rUininan ts and otllcl' dor~es tir. animals. The structural 
formula. of thL! J)en(~d,zol~ is s};.own ir!. Figure 1.1. 
Thiabendazole 'is readily metabolised by hydroxylation 
a t tho 5-posi tion and this hydroxy-dari va tivt:J .'is subsequently 
conjugated to glucuronide and sutphate osters. 
A considerable variation in the metabolism of thia-
bendazole has been noteci in. dLfferent species (Tocco .s..LaJ.., 
In ~ 11 species, 5··hydroxy th:luiJendazole t 
as its elucuron:l.de or sulpha te ester appears to be +',l:1e major 
excretory product. T11e aIllollnt of nniclontified 1Il0taboli tea 
varies greatly h01'Tover: in tho doti and, to a lesser extent 
in man, chemical 3.nalysis revealed the presence of sig-ni-
ficant amounts of unlele ... tified IPa torial whilst in rUlTlinan ts) 
the conjugates of 5-hydroxyth.i.abendazol.a account fOI' 80-90~G 
of the total metabolites (See table 1.1.)0 
The rapid hydroxylation of thiabendazolo by rUl\linants 
to 5-hydroxythiabenda.zole limits the efficacy of this drug 
as a brcad spectrum anthelmintic. This factor was realised 
by Merck, Sharpe and Doluno t who recently introduceJ a new 
anthelrnint:Lc based on thiabendazole, 2(1~~,thiw.zolYl)-.J.-l::;0-
propoxycarhGllylamino-benzimid,izole (CaIU~)enclazole). This 
compound has a similar anthelmintic spoctrum to thiabendazolo, 
....,. 
-...J 
I 
Sryecies 
-'---'---'-
Dog 
i-'Ian 
P,<?t 
Sheep 
Cattle 
S.,ine 
Goats 
TABLE 1.1. 
SEe~ies varia tion_of e."{~r~ tion of metaboli tl'.)S of thiabendazolr-. foI1o~>!:i:nt; 
~ adFliniE'tr.ation of t:h.~ cruG; in a corn 01.1 v8hic]_e. 
Dose 
50 mg kg 
1.0g 
25 mg kg 
50 mg kg 
50 mg kg 
% dose excreted in h.s hou:.'s ----
In urine. In Faeces 
35 47 
87 4 
66 26 
75 15 
65 20 
~ dose excreted in ~he 
LIri2}-:~ as .i=h~l(1~ox;(t}1ia­
t) eIlr ... 8.~~ ~.J:' '2~"<-
2) 
50 
7i..~ 
90 
85 
* As g"lucuronide 2.nd sulphate as ters of 5-hydroxythtaben.dazole. 
(d3.ta compiled from papers of Tocco at al., 1. 96 LJ., 196.5, 1966) .. 
but has a potency six times that of' the pa.r(';nt dr.JC. 'I'll~f; 
incrense in potC-l)lcy is at Lribu ted to a:n 0.1 tera tion of the 
mode of' l!l~taboljsm reJ a tiV8 to thi.abendazole, G;:; the intro-
dnction of the acylamino gX'oup at C-5 appears to inhibit 5-
hydroxylation and other InodcG of rapid metabolism (Hoff et al. 
--.-- ) 
1970). 
The p\lrp03C of the \~o('k prescnted in this thesi/::) ,;'as to 
eX;J.mine the chara~teristicf; of tho 5··hydroxy.la tiol"! of 
thiabenda7.01e i.n animal Inodel::l,in an attempt to gain R.n 
tUlderstanding of one of tile factors that mir;ht control the 
therapeutic effectiveness or thiabendazole. Once chalac~. 
terised, 1 t \-laS hoped that s!li table inhlbi tors of' the el1zyme 
might be discovered and it was proposed that the erfLct of 
such subs tances on both the ra te of metaboli0lTI of thiabclld" zoIc, 
and on its therapeutic ef'f'cc ti ';eness mi{'~ht be meabllred. 
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pHAP'l'Jm T\VO 
Devt:;lopment of assay system i'or investi[;a tion of 
thiabendazole-5-hydroxylase ..:h!l."'y"'i tro 
C1U\.PTEH 2. 
2.1. Introduction. 
--, .... --------.-~----
'l'h('~ major Illetaboli te of thiabendazole in manunals is 
the compound 5-hydroxy-2(4-thiazolyl)benzimidazole,5_ 
hydroxythiabelldazole, which is excreted as the sulphate ester 
or ~lucuronide conjugate. The metabolite :ts of little 
comlllercir- 1 significance as it has no anthelmintic B.cti vi ty, 
and is therefore not marketed. It was thus necess, .... ry to 
synthesize th.e rnetaboli te1:>y chemical or bi0synt]:~tic means. 
A chemicHl synthes:i.s of 5-hydroxythiabendazole was 
described by Tocco ~~!.., (1961.:.) and is briefly vutlined 
in F"i3","re 2.1. 5-methoxy 2-nitroaniline (i) l'!aS acylated 
with h~,thiazolecarbon.yl chloride (ii) and the resc.:.ltinz 
ni tro~tnilide was reduced. ( iii) wi t h 1 O')~ P d/ C cat a 1 y s t 
in an atmosphere ,of hydrogen. The resulting o-aminomdlide 
(iv) was subsequently cyclised by refluxin~ with HCt to 
5-methoxy-2'-(4-thiaz02yl) benzirnic.J.azole (v). Cle~.vage of tho 
5-metilyl et1ler 'vi t}l pyric.J.· j ne HCI at 240 0c. g"avc the dosired 
phono!, 5-hydroxy-2(4-thiazolyl) benzimidazole (vi). 
However, nG~. i;h0r 4-thic~7.01y lcarbony 1 chlori {Ie n"r any 
relat.ed compound was available thr~ugh U.K, or U.S. suVpliE.: ... 's. 
A novel route of synthesis wns attempted, starting with 
intact thiabendaz0le. 
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FI(}~~~!~ 3: ~L_' __ chO!!2LS':.:':A~J21t:J\~~.i;.~~.-2.L 5.;:~2!..,y:qES~~r-~~i,~L:!.Qi,:~?.:..~u~:.;t1 
!? I) r, 7, i ~l i do:!'~ r?1~<:..!.... .. ,_LL_0.~L!.:;;..!:..I(Lr:£~2"",£",~,--l:.' 1 !,ooL() q ..0.il,,!-~~_~~l~~.!.:. 
roui;o o:f nvnthcsJ~)~ 
-.-... ----'.-.-.~.-. ,--.... -~-... -
I 
H 
0)--0 
s 
ti ~ (ii) 
5 methoxy ··2-r:itro- 4-thiazolyl-
Catalytic Reduciion ~--<Pd/C) 
/' 
1 (i') 
eyel isation 
(v) 
Cleavage of 5-methyl ether 
Diazotisation 
+ H .. 
~NQ:h-u 
'S .... 
I 
Y 
(IV) 
Cleavage of diazonium comp!e~ 
5-hydroxy-2(4 thiazolvl) benzimidazole 
-?.o-
2.2. t·la terials and [·1';: thods . 
Si;arting material lor the syntJh)sis of' 5-h ydrc·x:y-.2( ij_ 
thinzolyl) benzimirlazo Ie was 2. (h- thiazolyl) bc.~nzilli::_d;)zo Ie 
( thiabendaz()~~o ), which had been recrys talli secl thr2e times 
1':1."0111 ethanol, 2 (h-th:Lazoly 1) be!lzimidazole vl<lS ni tra ted in 
a mixture of' ni tric and sulp]nl:i..~ic acids at room temperature 
yielding 5-nitrc-:?(II-thiC:izolyl) benzilflida;?,olp(rr), (D.R.Hafi' 
Catalytic reduction of the nitro-derivative 
in 10~£ Pel/C 'tn an atmosphere of JI2 f,'[ ... ve 5-umJno-2(1{-,thiazolyl) 
benzimidazole (III) ,vll.ich w'as isolated as the hydrochloride. 
Diu!(.otisution of' the amino·-derivative to form the dJazoniurn 
hydrochlori de of' 5 -anliJln-2 ( If-,thin zoly 1) benzimidazole (IV) and 
cle~'va(~e in snlpllu:;. ... ic acid at 160°C. gave the required 5-
h:r uroy.y-2 (h- dd;) 2:01yl) benzimidazole (V). 
? - (h-'rhiazolyl) benzimida~;ole (27g) \vas suspended in a 
1:1 mixture of concentrated sulphuric and nitric aCi.ds (80 1l11) 
and dissolved. by warminG. After standing overnight, the 
ndxtllre wa s poured onto crushed ice when .5 -ni tro-2 (4-thiazolyl) 
benzill1i(!a~ole separated as an amorphous yfd low sol:i d. The 
crude product was li1 tered under vacuU!l!, washed wi th the 
mot!:er liquors followed by ice cold distilled 'va tel", and then 
dried in an oven [.t 1100e. The compound wa.s recrysta11ised 
from me t1'3.1101 (t"'ice) as lemon-yeI10w, J.~od-s1taped crys taIs 
The produc t 'veie-lled 17. 8g 
(Y>,eld = 66~~) and ap:;)Nl.recl ChrOJ~ia tor;raphi ea J 1y homoc'enous on 
a J\:ei se 1~~e1 (~~erck &. Co.) t.1. c. pIa te developed in me t1:..(mo1 
chloroform (99:1 v/v) Rf = 0.38. The infra-red absorption 
spe..:: trulil 01 tho comp~und de te:cmill ed in a KHr pell pt, s:,,:>we(i 
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a penk at a \1i,lVenl11lIhf'l' of 1600 (C!f,- 1 ) indicating the preS011CC 
of' an ':.romfl tl c rd. tro gr·oup. 
5-Nitro-2(4-thiazolyl)bcnzimirlazole (2g) was dissolved 
in JlOt me thanol (ZOO ml) in a 500 ml hydrocen~l tinn Llask and 
a sJ.urry o:f 500 mg of 10% Palladium/Carbon catalyst in 5 ml 
methanol ndclcd. Tho 5 -ni -tro·-? (Li--thia?;oJ y1 )ben\<;imi da:,.:;ol e was 
reducod uncleI' HZ in a mano:110 trl c appsT'a tus for 12 hours after 
'''hich the total uptake was 650 lill (95~b theoretical). The 
hydrorrenation flask + contents was removed from the 
apparatus and dry hydrogen chlorJc..le bubbled through the f'lask 
--1 5' t at about 100 ml min for mlnu es. The ca talys t wa f; 
1'11 tared off uncl(n~ va.cuum, \..rashed ,,,i th methanol and the 
combined liquors reduced to 25 enl in a rotary t::vapora to::.~. 
Greyi sh-·brovln crys tals formed 'lThieh gave yell ow erys tala 
after recrystalliscltion from ethanol/hexane (9: 1 v/v). 
Chromat0graphy on Kiesele-eJ pJates developed in met.hanol/ 
chloro:forr.1 (1: 99 v/v) showed a s1n[;10 spot at Rf = 0.10 wi th 
no t:':'acE: of material at Rf = 0.38. 
o 
Yield), m.p. 280-295 C., 
(Ljtdrature value m.p. 283-284°C.). 
The product 'veie-hed 
with decompositj.on. 
5-A1i~:ino-2 ( l~_ thiazolyl) benzimida:::ole hydruchlorj de 
(600 rng) was dissolved in concentra;;'ed sulphuric heid/water 
1:3 (10 1ll:L) and cooled ill a:rJ. ice bath. A solution of' 
sodium ni~rite (200 mg) in distilled water (2 ml) waR 
similarly cooled. Alkaline n<~phtllol rer-1.gent 'vas prepared by 
dissoJ:,-ing (:{ -~naphthol in me-l,hanol (2 ml) and adding this to 
IN NdOlI. 
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Hhnn t1!~ SO::ltl.on of' the S-aw·iJio-2(lj--£:.llln:r,olYl) 
henzilll:;.d<'t/'~o10 JJydr<.,ehl(n'Jck~ liad. cooIe(! to ab01lt JOe., tho 
s()n'.iuJ)~ nitrite solution '''c}[; added (!.1:-op--\v:Lsc ,·:i"[;h sw:i.rlin{';. 
'rhe ndxl;ure turncd buy·gundy-·rad in eo.lour ancl Gas was evolved. 
After nddJ.t j on of all tl'.c sodium 11i tri te solution, tlw 
5-diazo-~;2 ( h- thiFlzo.ly J.) ben~~:i.rrd.claz018 (IV) VI8.S a] J.o~ved to f't,uHl 
0\'1 i co. 
~2 ~._~:."". S-·hydroxy-2 C4,-thiazolyl)b(mz~midazole. JY1·. 
A solution of SH 1phu1'i (; acid in ""nter (1: J v Iv) \vC1S 
hea teo. in a b0akcr nnd, ,.hon the tCll1p(:r;'l i:ure o:f the conten ts 
had rE~&cht:~d 120°t)., thc cUazonium sal t (IV) wa<.; ad.ded clrop-
wise o~er a period of 10 minutes. Tlle contents were stirred 
to aid degas s i11(;' ftnd thl) tempera 'Lure allowed. to 1'i8(; to 1600 C. 
P~riodic t~sts 1'01' t~iC nrnour:t of UJlc:]f:::\ved dia;7,Qnium sal t 
were tf.t;W~1 by placinG' ono ell"O)) ('of the reactivn mixture into 
alkaline O( -naphthol reagent (5 lill). When the intense red 
coupl:LnG reaction no lon{~el.'· oc(;url'ed, -c.he mixture ':'as allowcd 
to cool. 
,\-lh.':'ln the sulphuric acid rnLd;ure had cooled to room 
temperature, the acid was diluted with an equal volume of 
distillQd ''-'ntor and the pH of the mixture brouGht to pH 5 by 
till'. addi ";i on. of 2N NaOII (c 200 ml). The liquors were 
concentra ted to 8.00ut 100 rnl hy evapora ti on cW.cl then 
extrac tcd 1, times ,vi th aliqnots of e thy 1 3.ce tate (50 Illl). 
The ethyl =;;.cetate fractiuns were pooled, eVRporated t.o a 
volume of 50 nd. i:1 [l rotary evaporator vnd rlriecl overnight 
ovel allL~'dl'oU3 socliUlII sulpha :;e > The sodium st~lpha te ,·r,.'3 
removed by vacuum filtration and the ethyl acetate evapol'8.ted. 
The residue (250 lUG') -·:a.s 
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recry:::; t2.l1i~:;ed :from et.licl11(;l n:ftel boilillt: wi tJ1. i'J. litt10 
decolourisi:t}:,~: chal'cC(J.l and 1':11 t(~r:Lng. Suh~j(:!qu en t :::'f~crys tal--
lisa'~ion t'ronl ethanol yicJdcd 200 Il1!'; of' yellc)tv crysh'lls 
2 '7 Q () ... m.p. _ 0 c . ( . 2" 8'3 ,,(.)[0 ) ),It. '. -,.:O\.) C • Further clHlr'ac tori sa tion 01 
.5 -11ydroxy-2 ( If_ tLiaz01yl) bcn;d.'lli d8.?ole ,.,as c("1'ri ed on t by 
f'luoril1J(~tric analysis, U.V. SPC()t:::-UIrl, cbromatogrhphic 
behaviour on 1'lhatman No 1 paper a.':ld inf'ra-red absorption 
spec tra • 
Ascendinl'; CllI'Omatography of 20 ul of a solution of 5-
hyd::."'oxytniai>endazole at 5 mg rnl- 1 ill etba.nol on i{lta tman 113 No 1 
p::-.per in n-butyl alcolwl-acetic acid-w'1.tcr (1{:1:1 v/v) wab 
carried out. 
:r.xamina tion of the rlevo.'l.oped chrolTlo tograph reveaJed a 
single spot "'hich fluoresced under lJ. V. lie'h tat Jh0 nm and 
had Hf 01 0.63 (Lit. R f ::: 0·59; Tocco et a1., 1964). The 
Rf of t~iabpndazole was 0.80 (Lit. Rf = 0.73). 
( -1 ) A solution (10 IllI) of 5-0H-TI1Z 5 mg rr.1 was spottE:)d 
ont~ a silica gel plate thickness 0.25 ITIm. Thiabsnclasole, 
5-nitro-, 5-amino-, and 5-hydroxy-2(4-thiazol)1)ben~ilnidazole 
were als() spottecl. Samples ,\Tere 1' ...... n Ll r~e thanol/ ch10rOl0l'!li 
10:90 , HnLl examined un,lol U '.tra-violet lic;ht ahd [lIter 
exposure to iodine. 
COrnpOHll<.1 
2 ( 4-thi<:t7:c lyl) bored mida~ole 
5-hydroxy~,2 (l+-thiazolyl) ben~~ind.(Ll:,'~ole 
5-amino-2(h-thiazolyl)benzirniclazole 
5-ni tro·~2 (4-tJrLazolyl )hcnzimidazole 
0.59 
0. 1,0 
0.15 
0.G8 
Li te:;."'ai;ure 
061 
- 0.63 
0.42 
0.73 
gxamina tJon of the fluo:cc scence charFl.c te.cis tics of 
5-0H·-'l'HZ aXlc1 thiabendazole at concent.rations of' 10 ug ml- 1 
wer0 r:arried out on a Baird-A towic S1<'-1 spec trophotofluorirne ter 
in 0.11\ Het. 
c 0 "!!!p~J.n d 
Thiabendazole 
5-0H-TI3Y. 
Peak exci i;a t':on 
308 (310) 
330 (3 25) 
(nm) PeC:::..k elI!i s..~~!-:'_!! (nm) 
360 (370) 
430, 522 (425,525) 
Literature values are sl~wn in brackets. 
Nelting point of the 5-~ydroxythiabendazole preparation 
was determined on a KGFfler-b:Lock mounted 011 a microscope 
1'he lHean of three deter!;iim.l. t:tons was 278°C (Li t. 
The ul tra-.violet absorption spectra of 5-hyclroxythia-
benda'7.ole 'vas inve<c~ ti Ga ted wi th ~ olutions of' th e c ornpound 
1 (0.1 mg ml- ) in O.IN lIct in a SP 800 u.V. spectrophotometer. 
The results are presented in F'igur8 2.l-. Peak abeorption 
occurred at 250 and 318 run (J~t. 249 & 318 nm). Holmium 
:filter ccdibl"a tion ol1,he ir,;.stl~'..lli!ent showed an accuracy to 
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1'-11 infra-red analysis of 5-hydroxyUd.abendazoIe prc"T)~n'a-
tion \<fad carried out in a 1(131" p8llet on u. Pye Unicam infrD_-. 
red spoct.rophotometer. 
A section of the I.H, spectrum obtained is ::;ho,;rn in 
li'i{<ur0 2.:3. and eOVf!rS the reF-ion ,·wvenwnbcr 6;:::~) -1800 em. 
Principnl fca.tures of this spectrum and of an Ruthontica ted 
s}JeetrulIl (Tocco et al., 1961j·) Vl':'re cOlTlp~red and ;"~J peaks in 
the sample spectrym were ici8n tified in i-·he authe~lt:i.(; specimen. 
Conclusioxl[5. 
The the basis. of this data, it call be concluded i:;~"la t thl' 
material has .been autJlcnticated as 5-hydl~oxy.-2( 1+_.th::.azolYl) 
benzima<iaz;ole. 
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et al.. 196~ 1965 & 
----_., . , 
1966). The extraction procedure 0lilployed by these Horker's 
was cenera.lly :followed Ln. the isolatioll of 5-hydl'oxyUc.iab8nda.zole 
f'rOlTl tho urine of rats previously dc-sed ",'}. tIl thi:lbc11r!azole c 
1 ml,~-glucuronidase, 100,000 units and sulphatase 800,000 
units. 
'fhiahenda~~ole waE' adndnis1;ered -:';0 each or eighi.~ Vista:\.' 
albino male rats, weir.:;h:Lng 200-220g, aD a aUSpf>nSi0n of 
O r:: 1 -1 . . 1 ~~g m~ 1n corn 01 .0 The ani~~ls received three oral 
doses of the drug at 50 mg -1 kg at four-hourly intervals s 
and were housed in pairs 1n metabolic study cages or the 
Jencons "MetaboVllU type. C0~trol animals (4) were dosed 
similarly with the corn oil vehicle. Urine was collected 
for 24 hours and urines Ix'om trea -:'ed and control animals 
pooled separately. Samples (10ml) of' each urine ,vas kept 
back for chrornatographj.c analysis. 
The urine was adjusted to pH {) by addition cf' O.Sm 
crop dige~t containing lCO,OOO units ~-Glucur0nidase and 
800,000 uni ts of sulpha tase lvas acldo,d. To~uene (5 ml) WdG 
added to Vl'cvent bacte.cifu. growth in the prepara tiuns • 
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After incubation for 18 hours at 37°C., sodium sulphate 
(100g) was added to the nrine, a.nd the resulting slurry 
poured into a 250 ml separating funnel. The urine was 
extracted with ethyl acetate (4 x 50 ml), the organic fractions 
pooled and the total volume reduced to 50 ml in a rotary 
evaporator. The 5-hydroxythiabendazole was then back-
extracted into 0.1N HCt (3 x 10 ml), neutralised with 2N NaOH 
and ;then 0.1M sodium acetate buffer, pH 6 (10 ml) was addedo 
The aqueous phase was then re-extracted with ethyl acetate 
(3 x 25 ml), the aliquots pooled and dried over anhydrous 
sodium sulphate for 18 hours o 'Ehe ethyl acetate was 
removed from the anhydrous sodium sulphate by vacuum filtration 
and evaporated to dryness in a rotary evaporator. The 
product, 5-hydroxythiabendazole, crystallised as a buff-
colored powder (Yield = 42 mg). 
Purification of the crude material was carried out by 
thin-layer chroma to {,;raphy0 The material was taken up in 
methanol and applied as a band of' material on a 20cm x 
20 cm silica gel G plate. The chromato~ram was developed 
in methanol/chloroform (1:9, v/v) , dried and then examined 
under U.V. light. The strongly fluorescent band at H
f
= 
0.4 was scraped off and eluted with 2 ml of absolute 
ethanolo The ethanol fraction was evaporated down to 0.5 ml 
and chilled, when crystals of pure 5-hydroxythiabendazole 
formed. The crystals were separated in a micro-scale Hirsch 
funnel and dried in an oven at 80 °C. Characterisation of 
the pure 5-hydroxythiabendazole was then carried out by 
-30-
;:O'HI the urJ ne f'rom tha trc.a tec1. (lnimal~3 that hnd not been 
prc:paration. 
Ascend:Ln{~ pDper chromatoG~cEq)hy \'vas ~aI'ried out on 
100 ul sRlllplns o:f the urines :Cronr eon trol Rnd trc;;t ted an;blals 
before and a.fter trca tlllcnt \,Ii tl~ the ~;H7.:ymo prc:,ph:Ci.l tion ~ 
The samples were then run :i 11 n-butal' ..ol·-acetic D.cid ua tPT 
(4: 1 : 1) after TOCGo} .C;'t a~ (19GI~). 
Control aniW;ll 
TreE!. ted animal OolO,O.2l,O.30,O.~O,O.63,O.80 
After enzyme treatment 
-----_ .. _-" ... __ .. _ ..-.-._.--. .• _-- ---.-
Control animal 
Treated animal 
It vlUS noted tha~; tho compoJle:~ts \vi th R f values of 0.10 
and 0.30 in the n1.'1n8 11"0111 animal::; dos od wi. tIl thiahondazo 10 
were removeJ by the e~zyme troatme~t. J~t 'vas concluded that 
these components were the glucuronide and sulphate 
conju,'~a t(18 of 5-,hyclroxythiabenda7.010 T'O spec tiv ely r 
as these components had a similar Hf value to 
- 31 -
In the 
present st1lcly, a 'j'rcater amount oj' matol~ial wit11~ln H1' v:-:>':: .. Ut'\ 
o:f o. 63 ,.,a~, no ted in th", L~rincs J"rol!! th:i..n.bencla;?'oJ..c-doccd 
animals following trea tIllen t v:i th the en:;>;ymc prepFl..J:'''l tion. 
This component ''las identi .. fiecl a t 5-hydroxy-thialH~nda?;ole by 
compa:risoll vii tho the chroin~l to;~;r:i.phi.c properties of the 
authenti.:::8. ted. spec imen prHpared by chemic;:).l .c;ynt:H'.!siH. The 
t:nlCG cornponen tat Hf == 0.80 vms simi Inrly shown to be thi a-
'-)onda.zole. Trace components at R f = 0.22 and O.L,O were 
present in the urines of both control <.'InC. treated animals. 
A further c0wfJonen t appeare<.l. at Rf :.: 0.50 in the ~on t::..'ol 
'Jrines alter enzymic troa tmcn t but Like ':;he c O:l1[)OllCnts a i.. 
Rf = 0.22 and 0.40, it was unidentified. 
Me 1 ting point analysis \\TaG determined un a Kcfher b.' ook 
on the purii'ied 5-hydroxy-thiabendazole sample. The average 
of' three melting point determinations was 281 0 C.( Lit. value 
'{hen mixed 'vi th the chemically syntll(~sised 
preparation the me·,,(l1 value of three deterr,lini'lt ions was 275°C. 
u.v. spectral data and flouresccnce characteristics 
,.,ere identical wi th the synthc tic material. 
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Thiahondazo10 and 5-l~ydl'()xfthiahcn(lrlzolc !:.loth :f:'luorcsce 
in acid soluttoH and this pr.JJ-lorty Iv-'!:.l ~)een tliade the ba,s:i3 
of an as:'-;;A,y by Tocco et al_~., (1965) • The doteI'nliJlation vI' 
low concont:catiol1s oj:' tbiabclld(l:i;ole c"i;Ld its chie,f I'lcta,bol1te, 
5-~lydroxythiabcnda~~ole in tissue homogenate::>, us described 
by these <l'ltllor.c;, j s () Iiw(~era tel} complE,x procedure as ::;110".111 
in Figut'e 2.4. 
For the routiHe detenn:i.natirHl 0:[ the 5-h:ydroxythiabenc1azolc 
conc:entrCL tion in liver 1. C. OOOr; c:nd microsomal IJi'o?para tions, 
Accordingly, tho ,\Tasliing 
Atops prtor to extraction of the metabol,ite at ~I 6 (Fi~ure 
2.4) were discarded. TlJ8 shoctC~led assay method as 
illustrated in diaGram 2.5, inv,:;lved extraction of 5-hydl'oxy-
th~.abendnzole :in to 0 thyl <'tce ta te :t'rom tho tissue frac tion itt 
I)H 6, f'ollO\\'ed by back-·ex trac t ion into O.IN net a:fter ",hich 
the product was measured fluorimeterienlly (~ , =JJOnm' 
exe]. t - • 
~fluOl':::: 530 nm). 
The ext,caction of 5-hydroxythir-lherHlnzole into ether, 
c1tlora:form and' ethyl acetate ~t pH 6~ :[ollo\\"od by back-
extl""ac tion into O. IN Hel wdS inves tjea ted in a tteml)t to 
dr:,termine the mos t favournble ex tr<::.c 'lIon candi tions for 5-
hydrvxy t;linb-::ndazele < In a second experiment: thE.. extrac-
of i..hiabendc:..zolf) and 5-hydroAytlri.ab~n(L'~>;()10 wi th buffer a i; 
pH's va.:'JtS 1n the range 4-9 war.; exarnincd o 
Nr>thod .. 
-----_ ...... 
Stoc].;. solutj OIlS 01' thie.bcJl(la201e (1 me: J:~l-l), 5-hydroxy-
-1 ) thi::thclleJ.:::tzole (j_.()l{.-TBZ) (0.1 mg ml and or tldahenda.zo18 + 
5 ·-Oll-THZ (1.0 0{- 0.1 1nG' 1lI1 re.spec~;i vcly) were P·:'CI.lrtred in O. OIN 
HeI. 
AltJlOugh thiahendazol(~ is lilc..derately soluble in dilute 
acid (3.[)4 lllG/ml at pH 2.2), th.e compound is relatively 
-I 
insoluble at neutral pH valnc5 (0~06 lilg wI at pH 7.0). Stock 
soluti.ons 1,2 and J were then tre~ted as follows:-
In tl1c first experiment, O~5 ml of each of tho stock 
solniions 'H:~~e added separa t·.ely to O. H~ phosphate buffer pH 
7 • I;. (10 5 ml). The samples Here then extract(~d ui th etllyl 
t t etl cll " (8 ml)' after addition o.£' 0.1 ~f ace a'e, . ler or:! .. orOl arm \. _ i', 
phosplw -I;;e buffer (3 ml) pH 6. The samVles were shaken on a 
rotary shaker for 15 minutes, centrifuged at 2,000 rp.m. 0n 
a M.S.E 6L centrifuge fitted with a 6 x 250 ml swine-vut rotor 
1:'or 10 miTlUtes and then 4 ml aliquots of the or~anic phrl.se 
were pip('~;ted into O.IN nct (4 ml) in a 10 ml Sovrit tt~be. 
The samples w'ere then back-extracted \vith O.IN HCr by shaking 
on a ~otary shaker as before, followed by centrifugation. The 
organic phase ,·,ras aspirCL ted off and the 5-hydro.-::ythiabendazole 
~oncentra tion determined fluorimetri~ally a t an axe':. ta tion 
waveL:nt!,Lh of 330 nlll) and Ct f'lu('rescence 'i";lvelen{~·tb of' 5JO nmj 
thiabenda~ole was ~gB~ured in the same sample at an evcit~tion 
w·:;;.veI0ngtl' 01 310 lll" and a fl l.l0rescence ,,;avelengih of 370 11""0 
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, J{Of',111ts 
Ethyl ac",ta te was :foui,lI, to be t.h(.~ most e:f:ficient 
extraction solvent :t"Ol' the recovery of 5~hyclt'oxytlli8.hend;:I,,~ole 
from incuhation systen13. gxtraction LL:;'ur(C)s ohtninod at 
pH 6 :for ethyl n.cetate (g8'}u) (l:iAt;hyl ether (~)(») and 
solvent if] requlred lor the ext.raction (I.f 5-hydroxy-
thin.bondazole. 'l'he oxtrac tion. efricicnciof;; :Cor thiRbenclazo.le 
5-·Jfyth:>()xytlli'~ bendaz(,lc and thiabend,'t zole both ex trac. ted 
WCJ11 in tho pH ran{:-e ~).5-7.0. At pH 8, tile c:;-;·l..ractlon 
t 1-.' 1 I 1 . f' ] 1 t ,., <) (:I ] t 1 1 ef'ficiency lor 5 .. hydroxy L ... J_;-t )cncazo. e .. c ... 0 ').JI' a _ 1.oug1. 
The assay J11C thod detA.iled above and 1.1. FiC;. 2.4 as a 
:£,10\; shoot e;i ves [;at-Lsfactory resuJ tn of 5-·Jrydroxythiahenrl;1 zole 
1t:i-l;h subs trate blanks H'ore ohtained at tb.':l 5-hydroxythiahel1.dazole 
fluorescence optima. (A excl t ::: J?5 nm, A fluOl. ... ::: 525 run) 
and so 530 nm was chosen as tho f'luorescenceIVavelE>l1.f;i:;ll 
tl1US reducin~ tho substrate hlank four-fold. 
2.5.1. Ontj'rd~;:~t-Lon or :iJlc::ubdtiol1 CCJJ(i::.1,jc'I1S for' tb~~ sh;(ly 
.. ........I..--,.~ •. - •.. - .•. -~-----~.-.~ _ .... , ... __ ._----..... .... _~,._, __ • _. __ ..... , __ "._.~ .• ___ .. -..._ ...... ...".. ... ___ ." ._"'._ ... ,~ 
Incubation sys tel1l3 :foJ.' the s twly of' benzpyrene (,Ind 
zoxazolaminc hyd:cGxyla6c ac t,ivi ties in rat livc:.c 9 ~ OOOg ~'U1)cr-
nntantllave been describc;d b'Jr ,JuCh<'Hl at a1. (196.:;); for hexo!)ar~ 
bi -(31, pen tobar-bi tal, me proln orlJCt t.o Dlld s try<;hnine hydroxy 1a tioli 
pyrille by tvian7.o ot aJ:< J (1970). IncubatiOl:' systems cmplo·ying 
w·ashed micl'OtWl1lCS have been described i'or ethyl rnorpiJi.ne N-dellle-
thylase t and aniline and hexui:-arbltal hyGl.~o:xylase activl.ti(~s by 
Gerald and l"eller (1971) and lliany other authors. Al t.1lOu{;,h the 
incubation concii t;:l.OHS vHry for different cytoclLromo Ph50-dcpendcnt; 
drue hY<!l'oxylatioHs,tho incuoatjon contEnts were ecnerally Q..:5 
f'ollowe:-
fl.) Subs tra tc, prei'erably In an aquecus medium tlwugh sOIl,etimes 
ad.ded in a small volume of' orr;arlie solvent og.('o.cetone 
b) A sui table hydroC;t~n clonor NADPH or NADH, or the oxidised 
cofactor ill the presence of a suital>le reducing s}st.:m 
such as {'.:lucosc-6-phospha to + glueose-6·Qphospha te dehy-
drotsenase or i:?oci traie. + i80ci tra te dchydrof.en~lse < 
c) Liver mic1'os011l21 systpm, either as 9,000g supernatant, 
rccons ti tu ted 9, OOOg E".lperna tan t or '\'<-1 shed microsOJlles. 
0) ++ T~is or phosphate burfer pH 7.3 - 8.1; ~g Dnd oxygen. 
The ~''''~'''f\n\ .~llj jll~ for a preliminary t:; tudy of th:iy.t)oncl .. 
o.zo] e metabolism 'Nas Iorm'J.latcd at> :I.n Fig.2)~. TL~~ influence of 
buff'or pa, buffe:c 1110 1a1'1 ty t SltOS tratc and protein cone on trati on > 
cofactor C0ncentrdtion and incubati0D time were 5tG~ied. 
of' interest to (;ompa,~e the original ~Sqj '')"lei-hod 
the optimised : ~o,'J, I'w~.:t·~od 
...J 
i'orC:.ll" ted in Fig. ~2 •. r:; 0 
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I:: is 
1 • Ti s nue huffered to 1)}T )~.:5 wi t~1. 
O.TH sodiulLi acctatc o 
2. Aqueous ph:::tsc 
3. eli GCi:-lrded 
with O.05N NaOH. 
4. Ethyl n.cctatc back (;xtraeted--'---J" Ethyl acetate 
with O.IN ]Jet 
50 Acid phas(~ broug'h t to pH 6 by 
addition o:f iN NaOH + 0.3M phosphate. 
discarded 
6. Extra~ted ';\l1th ethyl acetate .• ~.~~~~-~ A'}HCOUS pJ1asc 
disc~1.rd8d . 
discnrd'2(l 
8. MeaSUreJJ1cnt 01 5-hydr0xythiab(~]Hla7,olc 
and thi::thendazolc f'luorescdIlce. 
EJ..~mm~ 2!..~ Sho:r-,!:...~d assn.>:. ln8thod. f~r t'lC de!:.:~~llil!.~tJ.o~_?J~ __ j-
121' (l~: 0 V t 11 J.._C!:b ~n d~~':.~ 0 1. ~_f.:.2. n ne.1.._c.!!:1L.::l n :'.:._}222.~~~ t ion .. _~f 
thin ~)el,1(l~3.E.1~_1vi_tl!_J.; . .J·,:£.:r: l~:i<.2£..o~'.:~<"'~~~ps. 
1. Incubation system at pH 7.'+. 
2. Tissue buffered to pH 6 by addi t:i.on 
of O.J~·l I'hosphatc buf'fer pJI 6.0. 
3. Extr3.ct«:~d v,ri t~l ethyl acetate (8 1111) .- .. ;r.. A(}ucous pha[;0 
discarded, 
4. 4 ml of ethyl aceta te j)hase back- -> Etl,-y~ acetate 
extractect ,.".jth O.DJ ))'ct (41ll1) discarded 
5. ~'leas1.1r(mlent 01' 5-}lydroxythiaben,~lazole 
at 1\ . t =330illil; 
eXC:L ,. A.fluor::: 530 nm. 
stop. 
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diet and tap water. 
Aniwals were killed hy' cervical i'rhcture on thE' !no.cnin;; 
of thE~ experimont and th.c 1i VOl'S removed in to icc·-cold 1.1. 5'1': 
!\:Ci containing 20 mH phosphate bllf:f'er pH 7ch. The ltvers 
volumes ~f buffered KCI. The livers were hOlflot':enised wi th 
20 minutes at to,OOOg in a N.S.E IIi GIl. Speed tR centrii'uge 
(8 x 50 ml rotor, 13,500 r.p.m.) and the supernatard; L'are-
fully decnnted. For the preparation of microsomal pellets, 
the supernatant was reccntrif~g8d at 105,OOOg for 1 hour in 
a }l. S.lD. Super Speed 50 ul tracen trif'uGe (8 x 25 IIlJ_ rotor, 
hO,000 r.p.m.). The 105,OOOg supernatant was decanted off 
end the volume measured. The microsomal ~ellet was rinsed 
with b!lffered KCI and then resuspended in i~e-cold buffered 
KCI to a similar volume of l05,OOOc snperllRtant. All 
d 'e 1 01lt ~t· C.lloC. proce urns h'(n~e CD:o:rl·.( _ u. 
Incubations 0f ~he liver prepRrations wit}. thiahend~zol~ 
were carJ'led cut i:r~. 15 ml SOv 1-il tubes cont;:dnillG the 
i. 
Usinr-;' O.3M. )lhOSrJ1Jate 'burf'Cl' in th(~ incubation U)st('~~, 
described in -;-'1. J ·,d1'o 1.6--;, tiJe in:fluence of' pH was examined 
as sh01·m in Fi {',U co ;.? 7 '" 
A pH opU.l11UJIl of 7.6 HP-[> noted fo::.~ jO,OOOc; superm.).tant 
and 7. h f'or ' .... ashed micresoH1i.1.1 prepal'Ct tiOl1.3. Tlip pH opttmum 
in tris buf'fer was alsv il1vostigaJ~ed twin!?: the~c two Pl'OP'w 
ara tions ::lnd a pH opt:LilJun, of 7.:'. was noted :for ulicrosornal 
prCi1ara tions. No clear pJI optim<J was obt2.~,-ned for t~le 
10; OOOg Snpel'J13 ta.n t. 
Using :pH 7.6 phosphate huf'f'er, the optimum buffer (final) 
Jnular:i. ty for ';;hiabeJ)cl,~z(Jle- 5-hydroxyla tion was 0. 12~i (Figure 
2.8) for 10, OOO~ supernatant and O. 08N :for mi.crusomal prcp-
arations. 
Optimulll subs tJ'i'l to concc~ltration was deterfllilH:"!d by 
incubati0n of' rreparations wit~ a 801ution or tldabendazole 
r; ~,·.l'~{ d. yo().~'v L i.·~j. (l~) (;11 ~Jj:l ~~ D .~._ t~ ~ 
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CJ. t Li:na:i 
::;OJl1f; lIIC::tt--llrC of' 5ub::.;tra to ~>a tura tion of' the en;;-;ymc prcp--
a:cation occllro~l. At a suh~5tratG concont:rat:iO)i of 511ll'J, the 
substr:-ttc pre~ipit;1.t(ld out <:m.d tIle Hn!ouHt of 5--11yr1:eoxy-
thiabendazole produced was observed to fall marked]y. 
i:li. 
The 5-hydroxylation of' thJabenda;;-;ole pl~oceede<.l 
linearly wi t11 protein con~en~;ra tion in Id.crosornal p!'(~par-
utions in the range 1-7 mg protein. In 10, OO( 1{S' ..\uper-
natant, the plot of protein COllcentraUon v. 5~hyd:r'oxy-
thiabendn~ole former'!. durin:,?: the incuba ti on, variec. in a 
sigmoic1al fashion. (1"i (','Hre 2. 10) • 
Hydroxylation of tl1iab~nda7,ole \\13.S :found to increase 
~ t-' 1 \vi t11 NADP concentra lon In t 1e presence of a sui table 1~ADPH 
genera till{~ syt-; tem in .:.t hyperbolic i'ashion t~or 1 (), vOOg 
supernatant anG m·tcrosorna~_ prepar~.tions in the l~AuP conCCll-
"!,rfl tiUJf rallGe O-·l.~ umol(;s NADP. (1<'iCm. e 2.11 ) , 
It was notp-cl tjmt n similar hyperLol:!.e plot W:1S 
obtained using :r-Ui.DH (0 - 5 uriloles per ineubatien) \d th 
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++ No offect of NIS B.S Flcl.t'~nssillm ~;ull)hatc o.n. thiab0n(~D.zolo-
used as n hydrO,(~·cn donor. In the prnsen(:c 0:1 Fill NADPH-
genera ti ')G' sys tC~ill, tho opti.m1Jrn conecntrPttion of 
found to be 2 pinolef', per incubation ""i th wR~;hed rnicrosolilal 
preparations. 
Similar ly no ef'fec t of e:lucos ~-6-phospha to or Glucose-6-
phcsphate dehyd~ogenase was observed with 101000U supernatant 
prepnrn tJ.ons 0 Op tiwul1l glucose-6-phospha to and gluCOGo-·6-
phosphat.e dehydrogenase COilCen tra tions \,"ore h PIIIOJ.SS g] u\.!ose-6-
p~lOspha to and 2.5 uni ts r;lucose-6-phospha to dchydrogC':nase 
en~loying washed microson~l preparations. 
Using the optimised incubation conditio'1s descriLed in 
Fig 3. q $ the hydroxylation of thia.benllazole cS a func·Lion 
. of' t:ll1w 1vas examined in 10, OOOg- Snper118.tant and HCtsbed GJicror.,omal 
prepara tiOllS. (Fi G1lre 2.12.). 
Jlydroxylation was ohserved to increase linearly with 
·time, a:f'ter an illi tial In-g of about ~~ minutes. This i:ni tic,-l 
lag may be duo to either the period of ti~e required for the 
o b ... be contcJ!ts to reach 37 c. or the time r.:qpired to generat0 
su.i. table amounts of' NADPH in the i]Jcuba tion m':.xture. 
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6-pilOspha te and };lucose-6-phospha te dellydl'ogcllHs8 lor two 
minutes prior to additio:l o:f the substrate was included to 
allow the roac:tants to rf.ach 37°(;. and t.o generaLe sut'fioient 
quantities of' NADPH. The samples were then incub:.:.cccl for 
15 minutes. 
The acldition or {';1l .. c0sc-6-phos!)ha to dehydroGenase to 
10,000g microsol!lal superna tant 'vas unnecessary as this 
p.cepara tion has been i'OUIHl to contatn hit:~h leve ls of glucose-
6-phospha te dehyclrogennse etC ti vi ty (T .Gray, p'''rs onal 
comnlllnica ti on) . 
, 
Discussion. 
Arter consiclera tion of' the results obtainer~ in tlds 
s tndy of the incubation conditions, an appropri_R to incuba tion 
mix ture was rorJllula ted as in Figure 3. ,q. 
The amount of' p ... 'otein in thH incubation mixt-c:ces , .... as 
reduced to 0.5 fill of a 25~(; nliCrCSOl'lal snper1.1.atm~t or 5 m{~ 
rniCrOtoOlllal protein per incuha t ion. SirniJ.nrly buff'c.C' volume 
~as decreased to 0.7 rul giving an ovcrnll bufTer molarity of 
0 0 12 :n. Nicrosomal prer8.l'ations 1"lOre ",u::'pend(~d in buf'fnred 
o KCI and kopt at ~ C. prior to incubation. Ka 1:0 9..~t;~l:.., ( 1961t) 
h,~ve investigated tile C:f:f0Cts ot' voluL<1e [Iud Lyp(~ 01' homo-· 
in 30 day and J50 day--old Illata rc1tG. '1'li8S0. ~Hlthors f01.dlci that 
activi ty ',{as n;'.l:;·~iJilal ulwn 1.15':', heI was u'30d as tIlt:: homo-
genisntion medium. Using phosphate buffer, 0.1 a~d 0.2 ~., 
Sucrose ::Lrd:d.bi ted hcxoharb:i.UI J mr: taboli :::;!l! (thi:3 cfr~)c t has 
also been noted on tbiabenrl3~ole-5-hydroxylation)o 
Pei'er c E·'·C.-,l (1('70) 
.. .'", ,.:> J' l.,. C) .•• '::.' ",.? }lrtV8 rcported an in1'l11orwo of 
and otli::n~ cl.:i.valent c:::l.tions on~hc oxic1a.tion of' SOl!18 dr1 .. 1.'~S. 
They \H~rE; able to c;.:;. te(';orise tlJl"(>c t:.coup~-; of' drug.-cxida-Liul1s;-
1. • 
2. 
J. 
'1"'J1050 
+-;. 
in \"hi ~h. Mg h&d no eLfGc to 
at ++ JI.1g 
concentrations between 0 - 15 umoles per incubation. 
Those in which drug oxida tion increased at M,:: ++ 
concentrations between 1.5 & 150 umoles per incubation. 
++ 
AltJlOuc;h :t-lg has not been found eS~"enL~al for the bydroxy-
++ latjon of thiabendazole, it has Leen included R~nce Mg has 
been found to exert an 0.ff'cc t on ~~ADPH c'enera tiOll~ 
The eemlsifyinc; agon t, Tween 80, has been shol'm to in l,;erac t 
1vith cytoehrome P450(Burke &Bridges(197;2.), Franklin (1971a:») t.o 
produce chane;es in the bindinG' and metabolism of other cyto-
chromo P 450 subs tra tes as wol-1- as interfere ''Ii t.h th'3 ex trec tion 
and assay of biphonyl (Burke&Brid~e~,1972) and thiabenda::ole. 
The use or an emuls:':.fier i::. urmvoidable because of the low' 
solubility of thiabendazole at tho optilllum pH for hydroxylation 
Optimal conditions for the study of thiabendazole 
hydrox~rl.:1. 1:ion in micros ()nJi1l sup01.'n<1 tar~ t and i Gol,l. t(~d mit:: rosomo.l 
prepara. tions ,,,ore ~,ufficicntly simi tar to a 1101,' tl~;;\ S(l1l10 burfer, 
cofactors etc., -to be u[l(Hl in boi'll. case8. :F'or the ::,out~ne 
de ter't1.ina tl. on of levels of' thiabenda7.o10 hydroxyla5~ ac t..i. vi t~,: 

.CHAPTER TJffiEE 
Characterisation of' thiabenrlazole-5-hydroxylase 
in rat liver preparations 
CEAvnm 1, 
Using the incubation system described in ChRpter 3) 
FI 9V.f-Q. 3.,Q., tIle characterisation of thE: 5-hydro.xylation. 01' 
thi~bend~:-zole Hith regard to its subcellular localisation, 
or~an spec~ficity, oxygen requir0ment and interaction with 
known iphibi~ors and inducers of t~e cytochrome P450-
dependent mi~ed fUllction oxidase system was studIed. 
In addition, the possibility that thiabendazole micht 
lead to an increase in thiabendazole-5-hydroxylation lvas 
examined. 
Character;.sation of the si te of binding to cytochrome 
p 14.50 lvas carried out by an inves tiea -Cion of the kine tics of.' 
the ~_r~hibi tion of thiabendazole-5-hydroxylas::: by kpow-n type 
I and type II compounds. Finally,the hinding of thiabendazole 
to micro30mes from phenobarbitone-pretreated rats was 
investigated. 
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'3.2. ~:ei;h()ds 
.:0.-.. _ __._ .. _. __ 
Separation of subcellular orc~~elles by differAnti&l 
cell. tri:fuga tioD was carried (Hlt an H 25j{-, (''f/v) homoC;ena -te 
of rat liver (lOg) in l.l~i~~ (w/v) KCl, containing 20 mN tris 
buffer pH 7.6 (30 11/1). An aliquot (15 ml) of tho crude 
homogenElte was f'rozell and st.ored alld the remaininG 25 ml 
centrifuged to obtain the hucloar fraction (1 ,00Ct~ x 10 lIIin); 
mi tochondric:l fraction (3,JOOI(, x 10 l~lin); lysosoma.l :fractlon 
(16,)OOg x 20 min); microsomal fraction (100,OOOg x Go min) 
and the 100,OOOg supernatRut ~raction. Each pclleted fraction 
was then resuspended in a 8n:;:> 11 volume of' 1 .15~b 1(':;11 tris and 
the activity of thiabenda~~ole-.J-hyd.1"oxylase determined in the 
presence of an NADPH2-generatin~ syst&m and 02. The activity 
of glucose-6-phosphatase, an el1;c',yme marker for t!le micro~,ol1lal 
~raotion, was also measured in the crude honlo~enat~ and eBch 
fraction. 
In subsequent d€'terminatiol1s of' drug-metabolisinG enzyme 
activity, 10,OOOg supernathnt was used as the source of 
microsomes. 
The ac ti vi ty 01 g!.ucose-6-phospha tuse ,,;as measured in 
each sample by detc.cminati0n of the amount of inorganic 
phosphate liberated upon incubation of' each fract.ion with 
glucose-6,-pho1:pha te, using' the l.lethoc:1 of Fisko<!- &. SlA.6bo..toIJ ~lq15). 
As f).39. 
'''he met;hod of Lowry ct a2.;:., (1951), using bvvJne serum 
- ':0-
albumin standfccrds wau Cl::pl,)yed. 
3.2~So Aniline hydroxylase. 
---... - ~-,-,.-.... - .... ~- -.-, ...... ~-.. -, ... ~--.--.-
The aniline hydroxylase activity of rat liver 10,OOOe 
superna tant fractions, in the presence of an NADPH2 -I':enE:r<:""l.tln,s 
system and °2 , was determined by the Pl"~)cc:~dure 01' Ka to & 
Gille t to (1965), which mr:;n.31~r.(':S the formation of l~-Qmino-
phenol. 
The hydroxyla tion of bip:"1enyl at the 2- and J{_ posi tions 
by liver 10,OOOg supernatants r in the presence of a NADPH2 -
generating system and 02,\\·as m~~asurAd by the fluorimotric 
procedur~ described by Durke,N,D. (Ph.U.thcsis,1972 ) 
The N-demGthylation of e,thylmorphine by rat liver 1 0tOOO{~ 
supernatant, in the presence of NADPH2 and 02' "JaS determined 
by the formation of formaldehyde during the incubation, 
according to the method of Nash (1953). 
;3.2.8. CvtochrOl'le P4r::~ 
-- ;;v--
The microsomal fractir:;n of' the liver was obtained by 
further centrif.'ugation of 10,OC()g supernatallt FlS detailed in 
Sect:ion 3.2.1. Tha llticrosomal pellets were r~suspended in 
1.15~~ KCl, which contained 0.03i\1 BodiuJ11 phosphate buffer, 
pH 7.6. The c"rtochro:..:~e P 4,1)0 COl: tent of' the microsomal 
suspeqsion was determined usin~ ~he method o~ Ocura & Sato 
(196h). 
The cytochrome 1=>41':('\ co:ntent c:f each sample ,\ras expr~ssed 
::;I'" 
Th.e procedure for the dc-:terll1ina tion of cytocl).ro!He '05 
in the microsomal su~;pensi(ms w;:u:, similar to tha t d.e~~cribecl 
lor the determination of' cytochrome P450. 
2.5 enl 01 the appropria"1-e fL:Lcrosofiial suspension was 
pipetted into each of two nmtched quartz cuvettos and a few 
crystal~ of NADH added to the te3t cuvette. The uamples 
\v"ere., plac8d in the :fo!:'1vard cOlr.paJ:'tmen t of a S1' 1 bOO dual-
beam spectrophotometer. The snspensio!ls ~"ere theJ.l scanned 
:from 360 lim to 500 nm and the difference peak AJ26 - J~J 1. Onm 
recorded. The aI~lOunt of' cytochrome be:: ,.".a3 expressed :1'5 
:> 
A326 - ft310nm per me; microsomal protein. 
Aach .l:i vor fraction :I. s presented as a fum: tion of the 'jb 
total protein in Table 3.1. 
For cornparis on, the specif'ic ac ti vi ty of' the mic::.--'os omal 
enzyrlle marker, e;lucose-6·-pllospha t,(3se, is also ShC'\VTl ill 
Table .3.1. Both enzymes hf:d a simil<1-r distribution o'? avtivj. ty 
and the highest ~pocific activity for both enzymes was found 
in tlw microsomal fractio·n. 
acti vi..ty. 
In the first experiment, Ii vcr 10, OOOg SU}Jcrlla tant 
frac tions were inculv:l. ted 'vi tb thiallondazole under atmospheres 
of N2 ,OZ,C02 and CO in 15 ml Sovril tubes. Tubes were 
flubhed out witll th~ gas for 30 seconds before incubation, 
aBd then incubated for 5,10, 15 or 20 minutes and the formation 
of' 5-hydroxythiabendazole ~i1easu~ed. The resul ts are 
shown in F'igure J. 1 • 
Thiabendazole 1waS found to be maximally hydroxylated 
when the gaseous phase 'vas 02 and minimal under an 
atmosphere of CO. CO2 and NZ apppared to act &s diluonts 
fo:>:' the 02 remaining in the system. 
Tht.> ~ff'if'i.ency ()~"' CO as an inhihi tor of thiahe1"la~";ola-
5-hy<lroxylas~ was det ernd.l1ed 1-,y condnc tin~ il.Lcuba tions und8r 
CO and O,,::...t 1:3,1:1,3:1 (v/v) mL~tures, and. i!"J.ptP~e 02 
and CO alonc. (Figtu'c 3.2.) 
CO and 02 Here mixed by buhbljnf~ t;lte gases throu{;ll 
water ~ontained in a three n~ckcd ~laRk and th8 relative 
-5.1-
5'raction. 
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TABLE 3.I. 
% of' total. 
Protein. 
25 
7 
II 
I7 
1-1-0 
Thiabendazole-5-hydroxylase 
Spec. Act. nmoles 
5-0H-TBZ pr0~uced 
per mg protein. 
35 + 4 
8 + 3 
i-l-L:. + I2 
93 ± I5 
IO + 2 
Glucose-6-phosphatsse 
Spec. Act. ug ato~ P 
liberate-d per mg pro-teiu 
30 ± I2 
4 + I 
IS -I- J 
L.to .:.. II 
20 + 7 
Relative specific activity v. total protein. Sub-cellular 
distribution of thiabendazole-5-hydroxylase a:ild blucos,~-6.-phospha tase, 
in,ra.t liver. 
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co;~mosi tion o:f thf) c:; .. s contj'o,: 1,(:;:1 hy the relat:Lv') ra te~,;; 0:1:' 
and a NAnpH')·~r;8neratinli syster'l, ~'H:l.S :!'lu:.,:;hed out with the 
t:;.. 
i~Jsu.tng gas c,,-n.d the samples incnba ted for 5,10, 15 ur 20 
minutes. 
The hydroxylation of thiabendazole und8r mixtures 0f 
CO and On proceeded at a linear rate ,proDortional to tho r.. ' L 
relative concentratioDs of the two gases D (FiGure J.~.) 
The herbicicio 3-amino 1,2, L~-triazole has been shown to 
bo RT\ inhibitor' of' heme ~ynt.hesis (Baron & Tephly,1969)o 
In order to study the relationship between heme synthesis 
and thiab0ndazole-5~hydroxylas'~ activi ty in the rat; the 
effect of pretrea.tment of the rats with 3-amino-l ,2,4-t,riazole 
";'!as examined. 
1.J.2-day old \vistar albino male rats (150-170g) wer.e 
fed ad lib. on Spiller's rodent diet and had f'rce access to 
tap "1 a ter. 
The ra ts (4) in Group A received blO successive dai ly 
4 -1 trea'~ments with J-amino-l,2, -triazole at 500 mg kg 
dissolved In propylene glycoJ (1 n~!kg) by intra-per~toneal 
injection. Contrcl rats (4) received the propylene ~lycol 
alone. 
The aTilmals Here Jdl1ed h8 hI' after the las t 01 the 
~wo dcses and the activity of aniline and thiabendazole 
h~·droxy1.a.8es meaeured in 1ive1' -lO,OOOg- snpernl.tants. 
Sllspens ions :0'repared :from each 10, OOOg S ct.l:le rna t.~H'" t by 
·-57-
i'11rther cen trifu{';H tion. 
Pretrea tlrlcn t ·\'1i th J-pmirV)-l, 2, l~_ tl'i8 z;o10 1'Til '3 0bsnrved 
to sign:L:ficantly dec:,:'case hy JO?;, the llydroxylation of both 
thiabendazole and arliiine. The cytochrome P ht;;O content of 
mi crosomos from the tas t aI1imc).ls was simar 11' dep:ces sed. 
Crable 3.2.). 
The efi'ects of pr0treatmcnt of r~ts with knO\.,rn inducing 
agents of cytochrome Plt50 sY'lthcsis (phenobarbitone, 
3-methylcholanthrene and 1,1,1-trich10r-2,2-bis(p-chloro-
phenyl)ethane IIlJ.DT" ) we:;.'e examined for an eff'oct on 
thiabendazole-5-hydroxylase aci;ivity. 
In the first experiment, Ivistar albino mEl.le rats wera 
dosed with three successi~e daily doses of sodium pheno-
~I -j 
ba.rbitone (100 mg/lq;) dissolved in saline (1 ml/kg) by 
intra-peritoneal injection. Control rats (4) received the 
saline alone. 
All the rats were sRcrificed 24 hr after the final 
dose and aniline and thiabendazole hydroxylase activity 
measureci. ::n liver 10,OOOG supernatants. Cytochrome P450 
'vas measured ia washed microsomal suspensions prepared :rom 
the 10,OOOg qupernatants. The results are sho'vn in 
Table 3.). 
In t~e second experiw0nt, rate (4) rece~ved sodium 
-1 phenobarbitone in t 11e drinking vJater at 1 mg mlfor 21 
d..:!.y::;. Thi.::. prp.trea tmen t has i)ecn showll (l,jarshhll and 
lV!cLea::: , 191;,8 ) 1,,0 produce ma~dll)al indue ti on of cytochrome P l.j5 O. 
Control rats (l~) received tap wate~ ad lib. 
I 
\.."1 
\0 
I 
TABLE J .2. 
Test Grol.lp 
Drug-metabolisin~ enzyme activity in Wistar albino rats following 
Pretreatment with J-3mino-l,2,4-triazo13 - t~o Huccessive treat~0nts at 
intra-perit~neally in a ~ropylene Glycol v~hiclo. Controls received the 
Aniline-4- Thia~)endazole- Cyt. ?450 
hydroxyla ~j_Oll .5-hydrcxylatioll o • D. L~.5 C-lr-9 'In:n 
_ -1 
.=;>00 r::g kg-
vehicle o.lol?'3" 
-1 
umoles product formed per g liver hr per mgomicrosomal '- . pro"elD. 
Control ratE'. 
Tr(.~a_ te::i rats. 
1.46 + 0.09 
",.* 
1.06 + O~OJ 
1.01 + 0.1.5 
,jI,.IIf 
0071 + 0.08 
Rance quoted = mean + standard error of mean o 
0.0675 + 0 0 0021 
~~ 
0 0 047 + 0.009 
. ..,.. 
~, 
o 
I 
TARLE. 3.3. E~~e~t on drug-metabolising enzyme activity ~ollowing treatment o~ Yistar albino rats 
-1 
with phenobarbitoJlO sodium in the drinking water at 1 mg Oil. ~or 21 days. 
'[SST GROUP 
CONTROLS 
PHENOBARBITONE 
Thiabendazole- Aniline Ethylmorphine 
5-hydroxylase hydrox. demetllylase 
0.91 + 0.14 
*** 4.95 :t 0.53 
-1 Ul1:o1es pro due t :formed g liver :'I.l..~ 
1.23 + 0.03 
~** 3.0~ :t 0.02 
1.57 + O.OJ 
5.18*1*0.07 
Bipheayl 
4-hydrox. 
Biphenyl 
2-hydrox. 
-1 
ug product formed g liver hr 
156 + 28 23 + 6 
289*1 24 47*± 13 
• 
, 
, 
Cyt 
P450 
0.D.45,') 
-1.90 nrn 
0.0630 .:l:. 0.007 
*** 0.154 .±. O.C13 
::;t 
b 5 
0.D.326 
-310 nm 
0.0440 + 0.0088 
'* 0.0687 :t 0.005 
Key = Significant di~~erence of test mean ~rcm control mean 
*p = 0.05 
*'*p = 0.01 
***p = 0.001 
-:J'. 
...... 
TABLE 3.4. In0.1).ction of: thiJ'l.bendazole and aniline hydroxylation and cytochrome p4S0 ac <;i vi. ties 
after trea trnent wi th three daily doses of phenobarbi tone intra-peri toneal at 1 vO IDS .kZ~ 
Test Group 
Control rats. 
Treated rats. 
Aniline Thiabcndazole-
hydroxylation 5-hydroxylation 
-1 
umoles product formed per g liver hr 
1~29 + 0 0 01 1 .3L~ + 0.02 
*** *** 3.90 + Ooc6 3.82 ~t 0 0 09 
Ra:r.ge q·J.::>ted = mean + standard er:':"')r of mean" 
Cyto P4:;O 
./ 
o. D. 450-[1·90 no 
per mg ~icrcsomal protein. 
0.0717 + 0.0018 
-x-~-,,+ 
0.206 + 0 0 001',. 
All rate were sac rif:Lced 2 ~ lwurs after d::' sc()ntlnu.ing t'i.le 
trea t;meJ~t and thl) liver 10, OOOg m~p(';rrla taut cxandnecl for 
anilj ne, t.hiabenda7.o.le, biphenyJ. 2- and 4-- 11"), clroxylas2 and 
ethylmorphine dcmethylase acti vi ties. Microsomal .clLisp~~nsions 
were prepared £rom the 10,OOOg supornatants and the cytochrome 
and b~ content measured. 
:J 
The results are presenced 
i.n Table 3.3. 
PhenolJarbi tone pre tr8a tmcnt \-m.s found to signi:f.icRntly 
increaso the liver \v-fJi{';ht of' the test animals in both the 
first and second experiments. Mean liver weight of the 
rats pre~reated with phenobarbitone was to.7 ± 0.8g in 
the fir5t experiment and 16,8 .±.O.3g in the second. The mean 
liver ",eight of th.e controls in thb first and second 
experiments w-as 7.2 + t.te; aad 10.t .±. 0.3g respeotively. 
Body weiGht in0reases in the lI!aximally induced animals w·ere 
signifi.::antly greater (Av. ,\\reight gain = 180g) than in the 
control group (Av. 'veight gain = 115g). 
• 
Cytochrome P L~50' cytochrome b 5 , and drug'-metabolising 
enzyme activity, including thiabendazole-5-hydroxylase, 
were signif'icantly induced ( Tables 3.3. & 3.4.). 
&. DD'£. E.,re trea tmen t • 
Hats (4) received three successive daily treRtments 
with DDT at 100 mg ;cg-ldis::wlved in ethanol (2 till/kg) by 
i.ntra-peritoneal injection. In a second experiment, rats 
(4) received a sinc-Ie duse o:t" DDT (100 mg kg- 1 ) .in ethanol 
(2 ml kg-I) intra-peritoneally. Control animal5 received 
ethanol alone in both expel.'irm:,nts. Animals vlerekilled 
21: hour<:; after the final dosil.(,; and the liver 10, OOOg 
eup~nilltant exaruincct for drug-metRbolising 0~~yma ~ctjvj~y. 
24 hr cdtcr a eir.G'le dose of' DDT, drug-me tabolisil1g 
enzyme ac ti vi ty 1vas signi ficantly increa.(:;f~d ( TablE' 'J.5.), 
and 2l~ hr. after three successive treatments with DDT,ch'llg 
metabolising enzyme activity and cytochr~nes P450 and 
b t . \iere further increased • 
.J 
r·Jale Ivistar. albi.no rats (8) were dosed wi th 3~·n:0l;hyl­
cholanthrene in a corn oil vehiclf; [) t 15 mg kg -1 by 
intra-peritoneal injection. Rats wer~ s~crificed 24 hr(4) 
and 4·8 hr (4) after dosing. Control rat::; (8) receive<i 
tl . 1 1 . tit: 11 at 1 ml K' g-l. 1e corn 01 a one 1n ra-per wonea y '1'1...e 
results are presented in Table 3.6. 
The induction of drug-metabolising enzyme activ;ty 
after dosage with 3-methylcholanthreno was preceeaed by a 
marked inhibition of both thiabendazole and aniline hydroxy-
lases for 24 hr after dosing. Ethylmorpitine-N-demcthylase 
activity was unaffected by 3-methyleholanthrene pretreatment. 
The CO-difference spectrum of cytochrome P 450 shm~ed tile 
appearance of a ne,., form of the cytochrome vii th an absorbance 
peak at 448 run. After 48 hr, the level of the new cyto.' 
chrome had risen sieniflcantly, as had the druc;-metabolising 
enzyme activity in animals treated ','Tith J-!!lp.thyleholanti!.rene. 
The possible induct.lve (~i:'fects vi' thiabendazole un 
drug-metab01ising' enzyme activity ill the rat was investicated. 
Male Wistar alb~.no rats (150-170g) were or~lly do~ed 
-1 
wi th thiubenu.:tzole a 1; ltc,J mg l",g dally i:1 u corn oil sllS?ension 
(1 ml kg -1) for three days. 
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TEST GROU"P 
(I) COl\TROL 
c\ 
TEST 
(~::.) CO:\TROL 
TEST 
TABL}~ 3.5. 
Ef~ect of ~retreatment of r~ts ~ith 1,1,I-trichloro-2,2-bis(p-chlorophenyl) 
othane, 'D.D.T.'. 
(I) A single administration at 100 
24 hours berore sacrifice. 
-1 m~ kg ,intra-peritoneally, 
(1I)Th:..-ee successive daily adr.inistr;'l.tions a-:; 100 mg 
corn oil vehicle by int1'c,-peritoneal injectJ.cn 
-1 kg in a 
Animals ki 11ed 24 hours after f:Ln."17. dosing. 
----------.--~~------------------------------------------------
Thiab.:mdazole- Aniline Biphenyl Biphenyl. Cyt P450 Cyt b 5 
-5-hydroxylase hydrox. 4-hydrolC. 2-hydrox. 
-1 
('. D. 450 .• l'9 0 nrn 0.D.Jz6 - )10 n!ll 
umoles g liver hI' ug product g liver hr per mg lliicro~0mal ~rotain. 
1.67 .::!:. 0.01 1.29:t 0.01 250..!:. 1.7 12.0.:!: 2.2 0.0791 :!.: 0.0007 0.0652 :!.: 0.0004 
* ** ** ** *** 2.06 .:!:. 0.05 1.6) .:!: 0.01 427 .:!: 33 31 .± 13 0.0990 ± 0.004 0.07 79 + 0.001 
2.02 :!.: 0.10 1.32 .:!: 0.01 258 :!.: 20 26 .:!: 2 0.0694 :!.: 0.0016 0.07'71 .:!:. 0.002) 
*** *** "*" *** 0.112*+ 0.0014 ** J .94 .:t 0.12 2.28 .:!: 0.04 577.:!:. 3 45 .:!: 0.8 0.101 + 0.0011 
Key = Significant dif~erence of test mean from control mean 
*p '" 0.05 
**p EO 0.01 
"***p - 0.001 
0"-. 
\...'1 
I 
T.\'BLE • 3.6. 
Test group 
CONTROL (i) 
TEST (i) 
CONTROL (ii) 
TEST 
.. 
Effect of pretreatment of rats with J-methylcholanthrene.Single treatment intra-
periton"ally at 15 mg kg, (i) 24 hours and (ii) 48 hours before sacrifice. 
-, ·1· 
Tr.~Labendazole- Aniline 
5-·hydroxylase hydro:;:. 
-1 
umoles product g liver hr 
1.22.:!: 0.01 1.49 .:!: 0.01 
*** 0.486 .:!:. 0.002 ** 1.26 + 0.006 
2.75 .:!:. 0.22 1.41 + 0.08 
*** 6.57 .:!: 1.07 1.79 + 0.18 
Biphenyl Biphenyl. 
4-hydrox 2-hydrox. 
-1 
ue proGl:.ct g liver hI' 
189 .:!:. 18 
* 134 + 8 
229 :!: 10 
** 440 + 59 
15 .:!:. 6 
17 .:!:. J 
26 :!:. 6 
*** 98 .:!:. 20 
Range quoted::: mean.:!:. standard er;·~or of mean. 
Ethylmorphine 
demethyl.ase 
umoles pro~'fct 
g liver hr 
2.90 + 0.01 
-, 
~ 
2 
2.89 .:!: 0.22 
-, . 
• / 
r, 
Cyt Cyt 
p450 
, 
b 5 
< 
o.n.450 0.D.326 
-h90 rem -:310 nm 
per mg miCrOf..OCll;>.l protei". 
0,0777 + 0.003 0.08 lf5 .:!: 0.005 
0.0738 .:!: 0.034 0.0880 :t. 0.025 
o • 1 091+ 0.006 0.052 .:!: 0.001 
** *** 0.1'745 + 0.016 o •• C2 + 0.004 
Key '" Si~nif:!.cant difference of test mean from cont~'ol mean 
*p '" 0.05 
**p = 0.01 
***p '" 0.001 
In a second expo:rimerl.t t rat.:3 ('+ ) received th~_ab0nda.zolc 
_1 
hydrochloride in the dli~cinG ~atcr at 1 ruff ml Afor 21 days. 
Control r'a tf; received oral dos.;:;s of' corn oil (1 m1 ke -1) in 
the first experiment and tap 'I..rater in the seco:ncl. The 
results eTC ShO\in in Tahle J,,7 .. anci Table 3. 8 • 
'lhe increase in body ,{eight duri11t:; the 21-day pretreat-
ment of the test rats w~s an average of 100g (Mean of 4 rats) 
compar6d to a mean " .. eight $ain of 120g til 'controls. This 
observa tion is j n accordsmce ,.".i th the findings of Robinson 
et al,(1965) 
---.-
Cytochrome b~ and thiC't,,~nclazolf .. -5-hydroxylase levels 
:> 
were slightly hi~;'her in the test g:::-oup than in the controls, 
thouGh the increa6e wa3 not st~tisticHlly significant. The 
increase in the two parameters occurr9d both when thiabend~zole 
wac adminis tcrC'd in the drinking \.a tar ( Table J. 8.) and 
-1 
when administered orally at 400 :dg kg for three days 
(Table 3.7.). The activities of aniline hydroxylase, biphenyl 
2- and h- hydroxylases, ethylr;:;.orphinc demethylase, p-ni tro-
anisole reductase (not shown) and ;>-nitrobenzoate reductase 
(:not shown) w~re unaf:fected by thiabendazole pretreatment. 
1~J.6. Kinetic st~dies 
~,- -- --
The investigation of' the Km, the dissociation constant 
for the enzyn~-t~iabendazole complex, and Ki, the dissociation 
constant of the enzyme-inhibitor complex, was det~rmined 
using the jncubation SyStE:lU detailed in Table 3.9. From 
thes0 results, it was hoped to predi~t the nature of the 
binding of thiabendazole tf' cytC'~hrome P450' 
In th~se experirfH::ats, the hydroxylation o:P thiabendazole 
was studied at -.a:c.,ring s~bstr~. tu concentrations in the presenc A 
-(6-
I 
0\ 
- 1 
TABLE 3.7. 
TEST 
GROUP 
(!,)NTROLS 
'I'HEATED 
Effect on drug-mAtabolising activity in rats following treatment 
with thiabendazole @ 400 mg kg orally daily for three days. 
Control animals received the corn oil vehicle. 
Thiabendazole- Aniline 
.!)-hydrox:rlase hydrox. 
-1 
u"llJles prduct g.liver hr 
Biphevyl 
4-hydroxy 
Biphenyl 
2-h~d. ... O;"(,,~ 
Cyt 
P4S0 
o.D.4S0-490nm 
Cyt 
b 5 
0.D.J26-3iOnm ug product g liver 
-1 hr Fer mg microson'al p:c'otein. 
2.60 .:t. 0.01 1.04 ± 0.')4 210 .±. 12 20 .±. 5 0.0592 1: 0.0020 0.061C .... 0.008 
).22* + 0.09 1.21 + 0.09 245 -t 12 17 _+ 2 0~0.623 + 0.0018 o. 0876'~ + 0.0026 
i 
0\ 
,-0 
I 
TAB:"E.J.B. Ef'f'ect on .jI'u~-metabolising enzy:l!e activity f'ollowing treatment of" Wistar albino rats 
-1 
with thiabenda7.o1e hydrochloride in the drinking water at 1 mg nl f"or 21 days. 
TEST GROUP 
CO\'TROLS 
THIABENDAZOLE 
Thiabendazolc-
5-·hydroxvluse 
Aniline 
hydrox. 
E thy lmorph:l.ne 
demethylase 
• 
umoles product f"ormed g liver hr-' 
0.91 .:!: 0.14 1.2J + o.OJ 1.57 + O.OJ 
* 1.37 .. 0.08 l<lB + 0.04 1.5J .. 0.04 
Biphenyl 
4-hydrox. 
Biph.enyl 
2-hydrox. 
-1 ue product f"ormed g liver hr 
156 + 28 2J + 6 
170 + 7 
- 9 12 + 9 
Cyt P4"OO 
O. D. ~~s6-h90nll' 
cy~ "':>] 
C.D. ]"O-J26n.c.l 
pe~ me miCr0.30~D.I :JI"ot.0irc. 
0.06JO + 0.007 0. Ovl:O ~. 0.002,g 
0,0580.:!: 0.010 0.0515 + 0.00.23 
Key: SiGnif"icant dif"f"erence of" test mean f"rom control ~ean 
*p 0.05 
**p 0.01 
***p 0.001 
of' an NADPIL.·-gencrati.n{~ sy6tom and °2 • A plot or reciprcc:al ~ -
valu(~s of '.reloci ty or .5-1ryd~'()xytlliabendazole f'orillct tion 
versus 1/ subs tra t(; concentch tio]1 enQbl(:ld an e ~:;tiI\l8 tion of 
the Km f'or thiahendazoJe-5-hydroxylasc by the method of' 
Line,.;oaver & Burke (193 ll). ](m plots for thiabendo z010-5-
hydroxylase activity were obtained in liv~r microsomal 
From Figure 3.3., the K;ll plots :f'or tldabendazol.e-5-
hydroxylase can be seen to differ marl~edly beh100n specios 0 
_t: 
The KIll. (sheet:") was found to he 2.1 x 1 0 '::>~J compared to 
the Km (rat) of 8.3 x to-5 lY). The Km (mouse) and Km (pig) 
e: 
were intermediate between these values at 3.6 and 2.6 x 10-J M 
respectively. The Vmax for thiabendazole-5··hych'oxylasc lias 
similar in the four species studied ( 0.25 umole pro~uct 
. 1 . 1 -1 ) per mg mlcrosoma prote1n ~r • Cytochroma P450 levels 
were similar in rat, pie and sheep but were consistently 
30% higher in the mouse. 
Ki plots of the inhibition of' thiabendazole-5-hydroxylase 
activity by SKF 525A show non-colltpetitive inhibition 
6 -6 ( ) kinetics with a Ki of 7.5 ~- 10.) x 10 M. Fig. 3.J~. ConveJ . 'sely, 
aniline "Jas a competitive inbibi tor of' thjabenduzole-.5-
hydroxylase activity with a Ki of 4.3 - 6.1 x 10-6M (Fi~.3.4o)o 
This value is similar t:o that found for the Km fur aniline 
hydroxylation. in the rat (.t').9 x 10-5!2) • (Figure 3.5.). 
In vi tro kinetic stL1ciies of the effec'(;c of SKF 525J'- and 
aniline on thiabendazola-5-hydroxylas~ activity in the r~t, 
sUt';'gested that thiabendazole might l::,l.nd in a type II fushLm 
to cytochrome P450. 
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TABLE 3.9. :l:ncuba tion system for investigation of' Ki and J\m for thiabendazole-,5-hyclroxylase 
~ctivity ip vitro. 
Reagent" 
L~vert!O~OOOg supernatant 
25% (y-r/v) in 1.15~b KC1 
0.3M phosphate buffer ~~r 706 
100 wM H:;S04 
\'ADP 
(:;'luc('~ e-6-phospha te 
Suhstrate,O.J.25-0 • 2 5 ml1 
Inhibitor 
5-hydroxyth:J.2.cendazole,0.1 pmole 
Tests. 
Ki plot 
(i) (ml) 
0.5 
0.7 
0 0 1 
0.1 
0 • .5 
0.1 
Xl>..'TI 010 t 
(ii) (1',11) 
0 • .5 
0 0 8 
C" 1 
0 0 J, 
0.5 
Standards. 
Ki Dlot 
( -1 J<i ) (1-- 1 ) 
\..\., _ -L" \ H_, 
I(;n 
I - '( \ ~ V~II ~,1 '1 
.. ~ / 
0.5 0 0 ) 
0 0 6 0 .. 7 
C.1 c. ! 
0.1 0 0 1 
0.5'''' o o5~~ 
0.1 
o. >x- 0.1 ,,!-
* IndIcates added after incubation. 
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distinguish the nature 07 ·the b:llHiiuc;' of thi.bbenda~r,(do ;;0 
cytochrome P lj.50 hecaU5C: 0:1' the extr":Hlcly \leak binding. 
Using the method. of Schen.knal1. 5~t . ..0;:l .• , (1967), the b:i.nding 
of thiabendazolo to cyto~hr0me Pl~O was il~estiGatcd J.n I:.> 
rat li"er microsomes isolated frOiD allimalb E','Liclllv=tlly 
induced ~;ri th phenobarbi tone. The microsom2.1 pelle'!:; vrat> 
resuspended in O.1M soel.ium phosphat.e bui'fer ",;c~it8.inin0 
20~~ glycerole Thiabendazole was added to tos t suspension£' 
dissolved in dimethylf'onnamide. 
The results indicate a w3ak t)U t definite type II 
binding spectrum of thiahcI1(luz-;O}c to cytochrome P L~ 50 of 
Microsoilles from phenob,;:..rbi tone-pretre~t:ed rfJ.ts (Figure J. 6. ) 
A ICft plot of t/OoDh22-0.D39Jnm versus l/s (Suve a bjllciin[,; 
CO!1.stant of thjabenJ.azo.le to cyto~hrome P450 of' 9.9 x 10··"1--1. 
(Figl.ll'C 3.7). 
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In earlier expcrimc::1ts described in Chapter 2, 
thiabendazole waG found to bs hydroxyla ted by lVQsh(;d mj cro-
SOlHal and 10,OOOg' supernatant :frnc~;ions 01' rat liver, 
in the presence of a sui table N1.D:PH2 -,{;enorating ~:ystel11 and 
°2 , The results obtained from the suhcellular i'ra-;tionatl.on 
exp3riments confirm that thiabendazole-5-1,ydroxylase is 
a microsomal erlzyme fd.l1cC maximnm activity '\Tas found in 
this frc:ction. 
Thla~enda~ole-5-hydroxylas8 activity was also investigated 
in microsomal preparations of' rat heart, lunG, g'ut,ld.dncy 
and in wholp blood. Acti.,;i ty "Tas detected in kidney 
microson;~s but ",Tas only 10 umoles product per mg mic.rosomal 
protei~ - an activity one-tenth of that found in liver 
microsomes. No acti vi ty ,"as found in heart, lung or gut 
micr0somal preparations nor in whole blood~ 
J.I.~.2. Lnvol'yement of Cytochrome Ph50 iUhiabenclazole-2-:. 
hxdr0>f.Xlas~._aci=!-. vi.!y. 
Cytochrome P4so appears to play an important role 
in the action of thiabendazole-5-hydroxylase. The fact 
tha t CO i7thibi ted the hydl.-oxyla ti on of' thiabendazole, whilst 
02 stiIllulated the hydro:Aylation, is in itsclr, insu:f:'ficip.nt 
evidence to say that the hydroxyJation of thiabendazole 
is P 4.')o-mediatcd. Other metalloenzymes, for exalilple xanthine 
oxidas~ ,,,h:ich is equally sensi tive to CO 1 could concei vably 
pcl.rtici~)a to in the hy(~roxylase reac tion. j\ ccordingly, a 
study of the e:ff'ec"Ls 01 the adminis tN;' tion o~ J--"!mino-l ,2, h-
tria~>;ole and. of ph::;nobarbiton.(>, \vhi.ch rt:spectivcly ixJl-::.ibil; 
and induce cytochrome P450 synthcsi& were undertaken. 
The herbicide 3-amino-l, 2,4, -triazole has been shmnl 
to have a pronounced eff'ec t on heme synthesi 5 (li:a to e t .§;L~ 
1969; Daron & TephIy, 1969). TIle latter authors found 
tha t adlllinis tra tion of the cor;lJ~ound to young rats decreaseo 
the activity of p-nitrobenzoate reductase and of aniline 
hydroxylase, the metabolism of which are cy tochrome-P 4r:O 
.) 
dependent. Stimulation of drug-metabolising enzymes by 
prctreatr~lent with 3-methylcholanthrene and phenobarbitone 
'vas marlcedly inhibi ted (Ka tc 2} 0.1., 1967) 0 The mechanism 
of this inhibition appears to be by inhibition of S -umillO-
levulinic acid synthetase (BC 4.2.1.24.), the enzyme w~1.ich 
mediates the second st.ep in lHllTIC biosynthesis (Tschudy ~ 
) 1l,. . !!!.,1957. The incorporatjon of both C-' S-E:tlllinclevulini0 
acid and 59Fe into microsomal heme is inhibited exclusiv p 
of an effect on protein synthesiH (Baron & Tephly,i969). 
3-amino-l,2,4-triazole does not direc .... ly interact with 
drug-metabolising enzymes in vit.!.:.£. 
The observa.tion that J-aminc-l ,2,1~-triazole p::-etreatment 
markedly decreased the activJties of thiabendazolE.: hyclroxylase 
aniline hydroxylase and of cytochrome P450 to the same 
extent suggests that the three parumeters ~re related. 
Phenobarbi~one, a welL blown inducer of cytoc~rome 
P'r:o-d,:;pendemt enzymes, 'vas fCUl.d to increase the enzymes 14-:::> 
and cyt0chrome P450 three-fold. Since it has prpviou~ly 
been shown that the hydroxylatio:n ",f thiabendazole is 
stimUlated by 02' ill.~reases with NADPHZ concentration and 
is CO-sensitive, it may be reliably ded~ced that thiaberdazolc 
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is asubstrat:.e 
mixed function ox:Ldase system. 
Hecent studies have i!ldica ted t11at t:tJ.e cytochrome 
P450 induced by phenobarbitone pretreatment is not the same 
as tha t produce(~ in 3-!lwthylchc 1an th.rcHe-pret.rea ted an.i.m:::.le.. 
Car!jon monoxide intcrCl .. cts '-Ii th tho reduced micros01flal P I ~O 
Lj..J 
obtained from liver microsomes of 3-methylcholanthrene 
trea tect rats to give an ahf:)orbunee peak at I.4- LI8 nm i.nsteE'..d. 
of at 450nm, '''hieh is the ah.sorballce nl::txiwul11 1'01' cytochrome 
p 450 obtained from rlOrma] or phenoba1'bi torlo-pret1'ea ted ret ts. 
(Sladek & Manncring,1966; il.lva.:i.'es ~~., 1967; Kuntzman 
~~., 1. 968) • Similar resL:l ts have bocll. obtaiJled ,vi th 
raobit microsomes, tn which specips tho liver mic1'oDomes 
show p.n absorption peak at h46l1P.l instead of the ncrmal 4·50nm 
(Hildebrandt et a1., 1968) 
Results obtained with Wi6tar albino rats pretreated with 
-1, ) J-methylcholanthrol1.e at 15 mg kG \Section 3.3.1~.3o , inclicate 
tl~.a t conversion of P 450 to P l .. 4R occurs wi thin 24 hr of dosing, 
and Qet'ore ar..y siCni:fi can i:; increase in t he CO-binding 
microsomal helile. Aniline hydr(,xylase and thiabendazole 
hydroxylase <::.ctivi ties we:;:e inhibited to 90~ and 35'l' of 
controls lespectively (TaLle 3.6.) ~4 hours after dosir~. 
48 hI' ~rter ~0sing7 ~hiabendazole hy~roxylasA activity w~s 
elevcited to 260% that of the control grou~, whilst P448 
levels w p r0 ~OO}c of that of the c011."(;rols. NA1JPJ12 cytochrome 
c reductase activity was unaffected. 
Thp.se J'inc.::'ngs might be ex~lained if the gynthesis of 
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The first stage llliC;'ht involve thp rneti,,;)('lism 
01 the J-methy.1Gholant}Jr(~ne, the f'letabolite or substrate 
initially altcrin~ the type II site producing an inhibition 
of' thiahendazole and a~liline hydroxyJ.a tion. The second 
staGe mip,'ht involve 6i ther nllosteric cllanges or an increase 
in the number of' f'unc tiona 1 uni ts per uni t Hl'CC\. of mOlllbrRll.e. 
Sincfl no marked proliferation of the microsomal membrcu10S 
occurs (conney 1967), I sU{jgest that In tent binding; si tes 
Iliight exist in th.e membrane. Recent ;:;;tutiies involving the 
binding of drugs to nticrosollles sUGGest that a replacement 
or endo{Senous substrate occurs in certain sicuatiollS. If 
the metaholi te of' J-methylcholanthrenc remained atta~;ched 
to bindin~ sjtes for long periods of tjme~ pro~resRively 
more endogenous substr'at~ would be displaced. 
The insect:lllide 1,1, 1-trichloro-2, 2, -bis (p-chloro-
phenyl) ethane (DDT) has been shown to be a lvng lasting 
stimulator of hcpatic drug metaholism in the rat (Ha...-t & 
Fouts, 1965). This enhancement of' microsomal drug 
metabolising enzymes could be der,lons tr3. ted both Ly ,i_I)- vi tro 
(aminopyrine demethylase activity) and by in vi~ meas 1.1rements 
(hexobarbital sleeping time) in the rat. 
Studies with the CJH/MG strain mouse and the Wista..-r 
Albino rat (T;::"J:) Ifl J. 5) h2 ve shovm that DDT pre trea tn'en t 
(100 ing k8,-1 intra-pei"itoneally ip c.tl etlw.nnl vehicle, 24- h.c. 
before sacrific\:.1), causes a sjgnificant increase in thia-
benr'azolp-5-hydroxvlase, anilil~':) ilydroRylase, biphenyl- 4-
hyd:r:-oxy lase and cytochrome 1)450 and b S activi tics. 
Pretrec.t tnlcnt W1 th thiabbiiu.azole .1 c:.td" to an incI'p.8 . .:..e 
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·~ . "I C Ov.J (J 
OX:i.dD. tivo pho::.;plJor)' 1ft t; on in tho ll!i tochondr 1 on (von Brand t, 
1972) • . ··1 _ ,_ '!'hus 8.niJl1als given thiabendazole @ 1 (10 mg' l::t; (!c.uJ.y 
shm~ a decrease in uci{;'lr[; en.in compn.red to control~. (nobii)bOn 
co] oric inbalan·:;e t a C on(l-i. tion knO\\')l to s ti !JlllJa to dJ.'U~;-lLl(: l:;lho·~ 
stimulat'i0J:l of the prox-Lmc::.l 'llicrosol:ir: .. l o.Lect;roll ch~:cin. (C. 
HOllovel', other dl'Ug·· 
motabolisill(; en~vm0 aot:i.-.'i tics ~"'n'e unaffected, a1 thouiSh cHl 
incre?se in cy-(;ochrol1lC' bl:': Has Hoted. 
:> 
TheroJ<:; of cy tor:;hrc,llo 
b) as a (tonor 01.' the secon.d e loe t1'011 i>l mi x(:d t'l...:nc t:io11 oxlda·-
tioD.s has aJ rcac.y lJ(~en discussed ( 1).5 ) • Cohen and Estnbrook 
(I'filo"b;c) have pos tula ted th8.t red':c t10n of' cytoch:;:~ome P h50 or 
i t:-.> oxy gena ted deri va ti.ve is not specif'i c :fo1' l\;\.))PHZ hu t that 
NADH vJa l'JAJ)H·~cyLochJ'oJ!le ur,- rr~d\lctase could also be ,18ed as 
..,. 
an electron donor. 
It "!ill be recalle(l t:ln t an increase in thl'nc ti vi ty o:f 
thidhen(laz0Ie-5-hydroxyla[~e is r..oted, wlw'1 NADH is ;Hlcled to 
incuba t-i.(Jll mixtUl'8S in the prose'1co of (,ptj:mal amouuts Ol 
NAlJPII. ( p 4~ \ 
.' . r tltcre:fore c.Hl:_~·G~s t tha t the ill",r,-'3.Se in 
thip.bcn<lazCJle··· 5 -hydroxy In s e ac ti vi t.y, :folloh'inG prolonl,,;ecl 
trea(;I~lcHt ..... ith th~.ahenda:£olr:, is caused by <'I.n :ln~rease i!1. 
the :floh' 01 olec trons via the r:;y [;oc11rc:ile b ... • na t}way. Si~l~e 
:; 
thi3.bondaz;o~.e · .... o~.11d b(~ t!x!'ccted to illtt.'r:fcr(~ \;1 th 0xygen 
activati.on of the hem( 1):"'ot to in j in a mann~r typ:i.cal of type II 
substrato9 (Schenkman et al,1967~1) 'NADPIi2 dc~pendcllt pat}n:~y mig-ht 
he 1n11'i hi te rl , 
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]·i ne tic l; tudies :i. ])(1 i eLl tf", thr,t thiab(;ndCl zo 18~.) "" i lyo.c·ox:ylR.',; (; 
of sheep liveJ~ ll1ierosomc~, has a much b:LgLer affir~ity for 
thlahenda7,ole than tha t of r8 t liv<'n' lili.crOSOJnos. F' l lrtller:l](H'C; 
the inhi bitor of' lllier,,~.>ol~1al. drug oxida t:i.on, S}Q;' 52.5'/1., i'ail r c:cl 
to inhibit thiahcndazolo- 5-JlYdro-'~:rlasc of sheep l:Lve~:, 
micros8ms8 at a concentrati8n of 5 x -6 10 M which caused a 
ma:l.'l{cd inhi bi ticl1 of the hydroxylase from rat Ii vcr liliCrOsem03. 
Hosenbl1.l1l1 et...2.h, (1964.) have report.::-.d that thiabendazole 
1 h 11 d · t b ., till:,..,. 1 1" t .a e e 111 -he enzenc rlng 1-'1 . 1 L; J.S {egTfH eu J.ll part 0 
l J·,coZ and cxpired by the rat, HJdl&t ne,nly all tliO i.,hiD.!-'cn ... 
dazole adndnis tercel to the ~,hcep could be accounted fo:r as 
5···hydroxythiabcndazolo, prillcipnJ.ly as its glucuronid.0 or 
sulpbatA conjueates (Tocco ot aJ 1964). 
Studies ilL this laboratory sucgest that ring oxidat~~D or 
thiabcnd:1.zo1f~ occurs in tho liver 105,000[; supernal,ant i'raction 
in the rat, althou~l ring oxidation activj.ty could not be 
demonstrated in sheep liver prcp3rations. It is not ~:.nOWll 
whether ring oxidation of dliahendazole in .~i vo 0-.;01.11'8 hof:n'o 
or after the fC'rrl1<-l tion of' 5-hyd]'oxythiabenda~o10, hI tl~ough 
it Beoms likely that the latter is tho case. The hiG!' af':fjn.i ty 
of thiabendazole hy sheep Ii vel' 1.licrosontGs might illhi bi t 
th oxygen a~tiv~tian of cyLochrome P450 decreaRin~ the 
vot)loci ty of formation oJ.' 5-hycl Y0'nr tlliR1...")endazo]e anu sub::-equClJ.t 
1 1.4-
• . 1 t· t,...;. 0.0 rl.Dg OXle' 3. ,].:)11 ... _.) 
"" 
The inhibitc.r r)f' clrne; metClboIL·;rr, SJ::F 525A, -.vh.Lch bjnu.:::, 
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t.o rni.cror-;olliOS tc Cl.ve H L)'pe I b:;n(~.:n{S '<:;J.,CCtl'UI;; (,dth cytc-
12. tion of tl.!iahcll(~8Zo1o. 
II bi:lclin{~ f:;po(;tr~.l.jH, "'(d'~ H cO:1lpetitivc 1.:nhihitor 01 the 
bind Ht the snmo site. TllC cloBe corrclatJon botvcon the Ki 
(nnili no) in the presence 0:[ i:hil:;,])p.nU<lzo 10, and tho J\Jll 
bcndnzolo m:i.c;~)t bind to the type II si to. 
:function oxidase can be cntcccriscd int~ two eroups wltll rcspect 
suspensions. One l.','T'OUP ~ COI!lpo~)ed only of l;nQil'n suhs trate8 0:[ 
the r.d.xpd fUll.ctlon o"(idaee when uu.cled to liYer JJ1icro~)(JlTl8.1 
f:jUB~)ensiolls, cause vha t h<~3 heen tf!rmecl type I spectral ch['~l1t;e 
{Schenkman· at aI, ·1967a). It i.s chnrac terlsed by the app{;o.l~ancc in 
the di f:fercnce 5l;ec 1~rurn 0:' an R.bso:,:,'ptiol1 peak at 388 pm and 
tl;,e disappearn.nce of an ;:.d."sorption hand at J.j.20-1122nm. Thn 
second gronp 0:[ cv;:Jpounds is G(;rlposed of basie <'Illiines and N-
conti-tining heterocycles which forllJ th0 type II spectral chanGe, 
charactl2.cisecl by tile appe.:rance. 0: Lll1 ab:'>orption peaJ~ in the 
S0ret region and the disappearance of' absorption at 390 IlL1; 
the pO:'>:i.tion ~)f the absorption peak is chnracter:i.~3ti.c of 
the conJjJound ~lclded, and has ';oe11 suc:{.~es tori as beine; due to 
the f'orr.:3. tion of t:t :[crriheulOchromG IIi t.Il cyt~ehr(jmG P 1,50, 
Schcnkl1lan (1970) haH .s~1O'vn ~ha t the type II sp,cctrrll 
.32· 
cyt p chrol1le P ancl iJasic [150 amint:s, also uontains a type I 
con;pO!:10n t. Tho type II sp.'\c tr2d ul1an{~e ~las been st10vn to be 
characteristic 01 protoheme itself (Schenkl1lan,?t ilL!_, 1968) 
and to be caused l>y an inure&se in thA electronegativity of 
one ligand of' ttle henle. Thus, replacement of this li~and by 
any amine will also c;::..use A. d(5Crf~ase in ab~wrption at ll20nm, 
superimposed upon the 2.l1linc ler:cihemochromc spectra.l change 0 
However, if this lie;and is alrcc:d:y displaced, as by prior 
addi -Cion of a type I substrate to the liver microsollies there 
will be no overlapping type I svectral component and a 
symmetric:;).l type II spectral chane;c will be obtained. A 
symmet.rical binding' &};E.ctrurn '-laS thus obtained wi th thiRben-
dazole in phenobarbitone-pretreated rats~ In control rats, 
an assymetric binding spectrUll1 '\Tas found ,vi th thiabendazole 
althou~:'h a KS (bindlr ..g constant) could not be ohtained with 
contr~l microsomes. 
Thiabendazole has been observed to bind very .. :eakly 
to cytochrome P450 to give a type II bindine spectrwn in 
pheYJ.oba.rbitone-induced rat liver microsomal suspens:ions~ 
Verific~tion of tIm type II bindin~ of thiabendaz0le was 
provid.ed by examination of 1.;he inh1bi don kinetics ')1' 
compounds known to bind in type I and type II f'ashiono 
Since thiaocmdazole is a substrate of the microsomal 
mix0d function oxidasc;:, it might be expected to give type I 
spectral change. Since the }~n for thia~enda~Qle is 8 0 33 y 
-5 -4 10 t!~ ,"'ilile tr.e Y
s 
of thiabendazole Wets anout 9.89 x 10 }'1, 
it wdS thnug'ht possible to 8110\'/ 2 type :l spectral change l'ii-tIl 
thiab0ndazole at sue-Em levels. However!"v type I spectra.1. 
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(type I + type II) diFf'crenco spectrum. Ii. simi18I' situation 
(SChCllkIll<:i.n 
' .... hilst the lC is about 2 IIiU (SchnnJ.;:mar,., 1970)0 
s 
Tjcis behaviour sur,-p,cs ts tha t -LhiF.lwndnzol e and n.n! line 
do not bind to the type I site at all, but only t.o tho home 
of' cyt.ochrome Plf50' cUi action ",11i<.;h would be expected to 
inhibit the hydroxyl.nse reaction, since it would illterfere 
wi -(;h oxygen activation of' the hemoproteiTJ.. Ani. J.ine hydroxylase 
activity in rat liver microsomes i5 between 1/15th ~~J 1/20th 
of' that of' am:l..nopYTine demethylase nctivity (S~hen]GlJ<ln at a~., 
1967~ and may be an expression of such interference. Howove"':' 
the lowered rct. t-·e may also r'C;flec t a different pheaomoncl1-
Gubstrate act:i.vation becauc'C! the reactive speci9s may be 
activated aniline or thiabGndazole, which then interaets 
\'lith oxygen. 
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CHAPTER FOUn. 
Inves tiga tion of the inhibi ti on of thiabend;:lzole-5-
hydroxylation in the rat. 
CII/\.}""LCT< . h • 
--.--._-_ ...... _"""--,--- -... ~ 
4.1. Introduction. 
hYctl'oxylaLion Of tlliabencJaz,)l(~ has heen ~;ho"'n to be a i'tu;etion 
of' the cytoel)roLle Pl' r: 0 -d(;pend(~l1 t nd_xt~d. :rune ti 011 oxidase 
,. ~) 
Hystel1l of the liver. In this chapter, the inhibition of 
thinhendazole-5-hydrox-;.rlo_Ge was investicated ill_vit"~, in 
fU1".c tion oxidase ::3ys terG? The cOI;Jpounds used in tbi s study, 
together with purchasing sour~e,are given below:-
t. p-chlorol1Jercurihenzoic acid (13. D. H. ) 
2. 7,8 .. bcnzoflavone (n.D.H.) 
). SKF 525A (Gift of r<cssrs Smi th l\1ine &. French) 
4. (BRL 7655) 4,4-dimethyl-l-(3,lr-.. illethylcncdioxy-
phenyl)-)-oxo-pent-1-cne. (Girt of Reechams 
Research Laboratories). 
5. Piperonyl butoxide (Ph<1se Products Ltd). 
6. l-dodecyl-imid<1zo1e (BRL 7522) (Gift of Beechams 
Research Laboratories). 
7. Bthoxyciuin. 
s. J)esll1c-t~hylilnipran'ine (Gi:ft of Ciba-GE"igy Ltd). 
(Gjft of Biorex Ltd). 
The s tl -...tC tural f'o.climlas of' the se compounds ar(~ shown ir.. FIG. 4.1 • 
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p~cll1orOF:nrcnrib0nzoic 
acid. 
7,8-benzof1avone 
SKF 525A. fi -diethyl-
aminoe tJ1.yldiplleny 1-
propylacetate 
/ 
~thoxyquin. 6-ethoxy-
1,2,-dihYdro-2,2,4-
trims thylqu:trwJ ine 
Imipra.li.~ine. 5- (J-dime thy1-
aminopropyl)-10,11-dihydl'o_ 
5H- d ibenz(b,f,)azepine 
Desmethylimipramine. 
10, l1-dihydro-5-(J-methyl 
arninopropyl)-51I-d:i.lJenz 
(b,f,)azepine. 
Piperonyl Lutoxide 
4,4-dimethyl-l-(J,4-
metl1ylenedioxypheny1 ) 
J-oxo-pe~t-l-ene. 
I-dodecyl imidazola 
i.~. 2. ;Vje thods 0 
In vitro inhibition studies ,...-ere carried out as detailed 
-_._.-
in Chapter 30 Compounds for kinetic studies w~:;:,e 
dissolved in water (deslJlethylifllipraminH, ~.miprutnine, SlIT 525A, 
p-chloromercuribBluwic acid) j 4rfo , .. !v Tween !H2 0 (Pipel'onyl 
butoxide, BRL 7566, BRL 7522, ethoxyquin) or ill 2-me"thoxy-
ethanol (7,B-benzo:flavone). The volmne added to the in cuba-
tion nrlxture was 001 ml in each case. Inhibition kinetics of' 
thlabendazole-5-hydroxylase w'ere examined Rt least two 
inhibitor concentrations and th~ data obtained plotted as a 
Line~eaver-~urk (1934) double reciprocal plot. 
4.2.2. ~~ viy.2Lin vitro studies. 
For the study of' the in vivo/in vitro inhibition of' 
drug-metaholising enzyme activity, the potential :inhibitors 
wern arlministered by intra-peritoneal injection or by oral 
dosi~g in an appropriate vehicle (water, propylene glycol 
oJ. .. corn oil). Control anima.ls received an equivalent 
volume of' tlle vehicle. 
Anilj1Rls were killed at various intervals 9.f'ter dosing 
as indica ted in the text tablea, and dru~~-mataboli~ing 
onzyn~3 activi ties (thiabendazole-S-hYdroxylase, aniline 
hydr.oxylase, biphenyl 2- and 4-hydroxylases and ethylniorphine 
c.ernetny'la;:;e) deternd.ned as pr~vionsly clec,cribed {p.SO ) i:1. 
liver 10,OOOg supernatant preparations. Cytochrome P4S0 
and br:: were d.,;terltii;)c<i in washed microsomal 9uspen8ions 
.J 
pI ~~p~.:~ed from the 10700015 supcrna tan i.,s (p. 52 ) 0 
h.2 •. J. 
I'la.le h'i f..i tar j\.lb111.o, 180-200,;' 1n wEJir)lt, led Dn s tanci<u'd 
la.borc.l,t~ory diet, were lH-;ed in th0::;O experiments. Prior to 
'Vr(~.pping in cot ton lint. At ~.'.ero time, tile tail was cleaned 
hlottod dry. Blood samples l"OYe taken after the ('>nd nil llimc 1,1'0 
of tail was excised with a sterile scape] hlade. The iSfJuine; 
blo'~,d ,\ret S colloc ted in 75 pI 'Red Tip' microhaelll<1. tocrt t hIbes. 
The con tents ",ere se2, led a t one end wi th 'Cri t0seal' vinyl 
pu t t.y and spun i.n a bench cen tri fuge rj tt 8d wi th a microh::"l.eI'~R-
toerit rotor a+; 3,000G' lor 5 minutes. Tha tubes were then 
remo\Tod (~nd cut with a c;lass IiI e at theplcl sma/packed cell 
bOUlldary. The plasrn2< "1ft s collee ted in 25)11 I }iicrocap' 
capj.llary tubes and tranbIerreo. in a 10ral sovril tube. 
After the initial bleeding, the tail was sealed with 'Plastron' 
spniy dress in{; and animals in the tes t group (4) rec ei ycd 
thiabellda~ole or21ly in a corn oi 1 suspension at 200 mg lq; 
Animals in the c0ntrol group rf;ceived the corn oiJ. 
vehicle. At hourly interval!'5, ""lood samples were tnl.;:en :from 
each an:llll<'l.l j n the Ill<:l.nner dcscri hed un til th.e experiment was 
ter!ldnated 
Th(~ plasma samples in phosphate buffer v;e-re extracted ,.:1 tl1 
ethyi l~cetate (6ml.) and hpll Ol thu Ot11)'1 acr~tate fraction was 
then baG~~-cxtracted into O.TN Hel (hml) as riescribed on p.se 
Thi.abenctazoLe con..:entrn tion \vas det~r!:1ined :fluOl'i[1(:triccllJ y 
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( \. , = 30li nIl " 
1\.:'XCl t 
'\ .,. :; ~)() JIlT!),. f\ '" t'I'}' ,- '. -, -l.. . ~"_ • ..) >....' 
in. u.l :;: 50 -1 , } 'j 'J' 1"] 11" ':J II. - ~ ... ')l~l ""rJa' \ "'''')''('' J c .• )1 .) H .......... _, 
inelurled in the assay. 
received thiahellduzo~Le (200 l;!g" L<.~·-·l orally in a corn oil vehicle) 
-1 p1'(3- o:c c,)-adrllinisterod \,;1 th illhi1Yi I;or(etfwzyquin 200 ;;lg l{g , 
I -1 ,,-.1) ~OO HIt; kg ; desmothylimirn~ctillinc @ 80 m:~ kc: • 
pramine was also administered by the intra-pcritoneri! route 
-1 (20 mg kg oi the!' prceeodin[; oral dosing Hi tll thi;~ll)f'Jldazo.l0; 
bendazole (clesmethylimiprdfi1ine 20 
mg kg -1) :i n clime tll)' 1 sulphoxirle. 
h.z.h. Gastro-inte:.;tinaJ oi!;nlvil1l" studies. -~ --.---~-. ...&;:;--~--¥---..-~--
ql 50 
In t:b.is procedure, wLi eh was developed by Dolu!c-iuf:; e t .....!:~1.. 
(19G~), female ra t8 are fas ted overnicl!t, but ,;ivell frcc ncccst) 
to water. 
wi t]j bocli Ull .. 
The t'ollowing !lJo:..~ninG tlw rats are an~~cs the ti :;;ed 
-1 
pPll LoLarhi tal (flO 111(;' k t:. i.p.) and a midJi:;Jc 
b.bdo::Jinul illcision made. The swaJ.l intes I;ine isolated HJH: 
cannul<,ted at both duodenal ant: ileal on.us ,d th polyethy10ne 
cnnnala (internal _dicnlleLc: 2.5mm., 8xtCl'lJal (lic\ll!cter J .5a:J1I.). 
salin.:: ;;.,c h.lLLr,n a t 3 rt °C. was at ca tchp.d to tho duodel1al e:>nnula, 
and ~he intestinCl..l lumen clcl-':~ccl of' narticul, ... te fjj3.tter by 
A .f.' t. ,~ ,., i .'.. .... " <. 1"4.' . e I ,_ 2 m l !J.1..l l .J ~, , 
50 m1 sYlinge nf'fixod to the ileal colnnui.a. 
the contcnts (100 u1) 1Jet::.; rePlovod and t.he vO].time: of tlH~ 
perf'l).scd;c noted, The s::-lwpLLng 1ViJ. s repoa ted <t t 2~. minutE) 
intc1'v(l.ls, tlle con ten tr heiDe' tr,ui.Gfr:rr(,d to th.0 syri::-lG,'c!". at 
aJternn-cc end.::, of the ~ut loop. 
O. IN HCI f OJ"' thial)(~l1dazolc analy::.;i f; hy ul tl'a v1010 t spec t-· 
roE'OpY· 
The experiments were l'epea ted wi t.h a second cro-..~p of 
rats (::;) in \/hich the vehicle contained 15 il1g ethoxyquill <md a 
.third L;'roup o:f rn ts (3) which received tliiabencla~olc (7.5 l11[d 
... e tl: oXYClllin (15 mG') 0 A fourth group of rats (3) per:iused 
\"!i th jO;t !Jropylene {~lycol/ o. IU phospha to burfel' pH 6 served 
as the eO~'ltrols in these experiments. 
1,..2.5. }leasurerncnt of thic1.hend<.l:.>,olc and ethoxvouin in t.be __ ~_". __ .. __ ~~ ____ , ____ • ____ . ___ . ___ . __ ... ~_..t.. _____ _ 
I:f t\,'0 piglll('Hlts are simultaneouf;ly pres8nt :i 11 nne solution, 
jt is ~ossjble to estimate thei~ proportions spe~trophotowet-
~ic211y by the point 01 intersect.ion of the indivirlual spectra. 
T '··; c· J o'j ..... + _4.1... -...'1 J. _~.i." of iiltersection is knoi't-'n as ,'Ill iSObb('f'·ci.c point., and, 
a c tJd.::; pa:;-ticIl1ar 1\'[l.veloni~'t.h, the soluticYls of' tIte h.'o cor:lpounds 
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have the sanle oxtin'Ction,ic. a cH.l1hra1;ion cur\'e r(~lat:inG 
(.,xtinctJ0!,] to molar con.centra tion :In <:'il.Jplicabl0. to e1 tIler 
compound. To determine the proportJons of' ethoxycjuin ,>nd 
thinbendazole in mUllples of perf'usa to, the extinc tion was 
measured at the isosbcstic po:1nt e.g at 272nm (Sec Fig.4.2.) 
and at anuther ,v-avelent",'th, whcl'e the s;)ec tra showed di vert;'en t 
extinctions e.g at 252 run (Em<1x for othoxyquill) or at J02nm 
(Emax f'or thiabendazole). t>leasurelllent at 272nm eave the 
total mo.l.ar conC0n tra tiOll o:f e thoxyquin and thiubend(~zc Ie in 
the pel~f'llsa to, whils t measur(-::men t of' E22.5/272 and E~02/272 
enabled determination of the proportion of' ethoxyquin and 
thiabendnzole remaining in the perfusate. 
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1!-.3. Hesvlts. 
!t • J • 1 • Tn v:i. tro inldb:i. tioJJ ]d'l(~ Ljc~:,. 
All the cC)luponnds stl.ldJcd :i.nhUyi i .. :),) th:i(1.bc!nr1.a701e-)-
hydroxylation in._·v3 tl."::"C2. and Lineweaver-Burk (19.31.1) doublc 
recjprocdl plots t:~]lo\t!ed t.llc pattern o:f inhibiLi.on to La 
ei t}lcr nOll--comp(~ti tive (piperoJlyl but-oxide, p-ch1.0:7'Om-:H'cl1d.-
cornpeti. tiv(~ (Bni:l inc, dodeeyl-
imidA~ole, RRL 7566 ) or of all. anOl.;lalous 11<:), turo 
(e Lhoxyquin, cleslli(:; thy limipri.dlline, :Lmi pri,mine) • The illhibitor 
cons t?nt, 1:i, found 5..n each expr.>rinen t is ,:i ven in Table 
4.1. Figures 4.3-5 ShOl, the ir"!.hiLit:: .. Oli kinetics obtained 
,.11 tb. dodecyl-11l11 dazolc, e tJl o:;;:yquin and d.e sme tl 'y limipr::tllli.ne. 
4.).2. I~vivo/in ~!itro studies. 
7.. 8-J~enzo:f~n2..... 
1nh1hi tion o} drug-meb.i.bolisl!l by 7,8 benzof'lavone \'/<".S 
-1 
not noted un ti 1 5 hours a:ftol dvsinG at 50 m;~ kG' i . p. At 
this time, a signif'icant though small illhibition in both 
aniline and thiabendazole hydroxy}aso activity was noted. 
SK.F 5251;. 
SKF 525A was round to be a pot.ent inh::ihitor of aniline 
orally. 
that SC",l1 with 7,8- 1jenzo:f.lavorr j (St~e Tabl(~ 4.3.) 
r----.-.~ .. --~--
-I, --------l I 'type uf 
Inhibitor Ir!hib.~ t.iOl1 1(i (tJ 
1----------------- ---_. l .~ 
p-chloroll1crcuri-
benzoic acid 
Piperonyl butoxide 
SRIi' 525A 
Dodecyl-imidazolo 
BRL 7566 
7,8-ben~oflavono 
Aniline 
Ethoxyquin 
Desmethylimipramine 
Imipramine 
Non.~compcti ti ,re 
NO::1-competitive 
Non .. compe ti ti ve 
Comp(>:t.i ti vo 
Competitive 
Competitive 
COUIpe ti ti va 
Anomal0Us 
Anom:=tlous 
Ann~l101ous 
J.6 
_b 
x 10 ' 
7.5-10.6 x 10-6 
9.3 -h x 10 
~.6 -~ 
-
5.3 x 10 --' 
1 • J. 3.7 _l~ 
-
x 10 
4.3 .- 6.0 x 10-5 
6 _II 0.8 ··1.16 x 10 
1 ~ ll. 
- 1-.9 x 10 . 
1 .1 - 3 x 10-4 
summary of' ill vi tro kinetic3 of inhibi tora of 
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Table 4.2. 
Test Grou.p 
Controls 
25 me kg 
30 m,~ kg 
Controls 
50 mg ]~g 
Control:3 
50 nig kG 
Inl:.ibi tion. of' d::-·'.lg-metaoolising enzyme ac ti vi ty in rats foJ.loHing trea -':l~eTtt 1.~·i th 
a sinGle clc::e of' 7,8-hEJnzoflavone in pro:;:>ylene blycol (1.0,nl pc:;:' kg) by intra-
peritoneal injection. Controls were dosed with an equivulent volu~e of vropylene 
I -1 ) ~lycol ,1.0m! kg vehicle. 
Time An:i.line Thj_abc:1d2.zo1e 
aofter hydroxylase hydroxylase 
~ 
dosing. umoles product g liver hr 
1.9 <!- 0.07 ". ,8 + 0.10 
-1 hr 1.92:. 0 • 06 2.( .:t 0.C1 
1.8 + 0.08 1.8 .:t 0.1l;· 
1.9 ±. 0.5 2.2 + 0.03· 
-5 hr 
1.7 + 0.01 1.9 + 0.0)* 
1.4 + 0.04 1.:5 + 0 ~ 02 
-24 hr 
j .4 -;- 0.01 "1.4 + 0.00 
Cyt F 1._,... 
'+,) V 
O. D. 4S0- l!·90nn 
Cyt b~ 
.-' 
(1. D. 31 C-J2G:rm 
per rr:e; microscmal protein. 
o ~ 032 ~~ (). 008 O.07S~ -;- {)oG0 
n 0'78 + 0 ()1U 
...... t _ ., - ... ~ 0.074 -;- 0 .. 00 
0.082 .:. 0.006 0.0/,/ -\- 0.00 
0.032 .:t 0.00 0.078 -;- 0.00 
0.077 -1- 0.00 0.065 + f).no 
0.07!.;· + 0.00 0.070 -+ o.OC; 
0.07 + 0.00 0.068 ..;. 0.00 
Key = sj~nifi~ant difference of tes~ mean froM cont~ol mean. *p = 0.05 
-:X--l('P = G.Ol 
;i;;;.'!;:*p = 0.001 
I 
\0 
-....J 
I 
Teo'hle 4. J 
Tes-::; Group 
'::nntrols 
25 mg kG' 
50 me; Iq:;-
Controls 
50 mg kg 
Controls 
50 n1iS kg 
Inhibi tion of drt:!.c;-metabolisine enzyme actiO\ri ty in ret ts follo1dng ora~L admini.stration 
( 
_ I 
of a singlp. dOS0 of SICP :- 25A in saline 1 • eml kg -). Controls were ora].ly d03 eel 
with saline vehicle (1.0 ml kg -1). 
T~_:TIe 
a.fter 
dosing 
-1 h::-
-5 hr 
-2:-4- hr 
Aniline ThiabenctH?;0le 
hydroxylase hydroxylase 
-1 
umoles product g liver hr 
1.45 + 0 0 05 2.4 .±. 0.03 
1.2 + 0.08** ? '1 -0 ... + 0.06 
0.9 + o. 3l~.I,Io 1.31 + 0.4**~: 
1.79 -:- 0.02 1o.L~ + 0.01 
1 .1 + 0.06*** 0~9 + 0.0!*** 
1.2 + 0.01 1.2 + 0.01 
1.3 .:!:. 0.01 1.2 + 0.03 
Cyt P, ~o i..!-::> 
O. D .1~50-l~90nm 
Cyt be-
..J 
00 D. 31 'O-3261:i11 
per rq; InicroscI'!2.1 protein~ 
0.087 ±. 0.01 0.073 + OAOO 
0.079 .±. 0.01 0.076.:t. C).GO 
0.009 + 0.01 0.082 _\ ""' ,,~ r '-J" ' ... 1.1. 
0.079 .:!:. 0.00 0.079 .:t. 0 .. '00 
0.075 + 0.00 0.073 + o. O'J 
0.059 .:!:. c.oo 0.051 .~ 0.80 
0.062 + 0.00 O.OSG + c.oo 
SiG"!1.ificant di:fferer.ce of test mean from control mean I~ey· * ::: 0.05 
*.* = 0.01 
"*** = 0.001 
to in1lihj t the hydroxyla.tion uf either ctHilin8 01' thiCtheH-
c];'tzole. Biphenyl li-}lycJl'()xyli~i;i()n W,18 illhihi tod in animals 
ki1100 5 hours afi-c}' dosilll;' (Trthlo It.1:.) 
BRL 7655 (200 mz kg- 1i.p.) a structural analoGu 0 or 
pip0ronyl hutoxi de, failed to inhibit tIle hydroxyla ti011 ot' 
aniline or thiabendazole or even the h-hydruxylation or 
biphenyl. (Tc..ble 4,,5.) 
l-dodecyJ imidazole was f'ound to be an inhibitor of 
both thio.benc'lazole and aniline metaholisrn in 10, OOOg Ii vcr 
supernatants from livers excised one hour after dosing with 
dodecyl-imirlnzolc. I'l cO:ltroJ. and test groups ()f rtnlm~15 
killn(l 5 hours after dos:lr:g wi th the imidazole activi ties 
,..rere similar. ( Tab 1 e lL 6 • ) 
'-lhe ant.i_-oxidcHlt ethoxyq~.lin inhibi tf;ld hoth thiabendaz01e 
and aniline hydroxylase activity, 1 hour af"ter oral dosin~ 
at 100 nlC k.:;··I, indicRt:iJ1G' that thE" uptake by the liver of' 
ethoxyquin is rapid. In the tes t isroup ki.lled 5 hours 
after dOS:: .. lg, ilni li.ne and thia.henciazolc hydroxy Id.sn acti vi t~cs 
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Table 4./;. Inhibition of: dr-ue-metabolising enzyme activity in rats f'olloldng tr£-atment with 
a single dose of' piperoryl butoxide in a corn oil vehicle (1.0ml kg-I) by 
I -1 ) intra-peritoneal injection. Controls were dosed with corn oil \l.Oml kg • 
Test Croup Time af'ter 
dosing 
Aniline 
hydroxylase 
Thiabendazole 
hydroxylase 
uMoles ~roduct g liver hr 
Controls 
10') mg kg 
controls 
100 mg kg 
Controls 
100 me kg 
-1 hr 
-5 hr 
-24 hr 
1.2.:!:. 0.01 
1.1 .:!:. 0.02 
0.9 .:t 0.02 
0.8 + 02 
1 • h .± 0.02 
1.5 + 0.01 
Significant difference of test mean f:rom control mean 
<0 
<0 
I 
2.5 .:!:. 0.02 
2.2 + 0.03 
1.9 + O. OJ 
1.9 + 01 
1.6 .± 0.02 
1.9 + 0.01 
Key *p = 0.05 
**p :: 0.01 
'***p :: 0.001 
Diphenyl-4-
hyc1rox.":.ccse 
Us product g 
1:'-ver hr -1 
204 + 12 
17'7 + 9 
Ii 
210 .± 37 
142 .± 16* 
2J9 .± 13 
21.l-5 -I- 11 
Cyt P450 
0.D.1-:.50-490= 
Oy~ b S 
O. D. :;(:O-J261V:1 
per mg microso~lal protein. 
0.079 .± 0.00 
0.076 .: 0.00 
0·')52 2:... 0.00 0.068 .:!:. 0.00 
0.064 .:!:. O.OJ 0.074 + 0.00 
0.065 .± 0.00 0.032 .± 0.00 
0.068 + 0.00 0.090 + O.vO 
-o 
o 
I 
TRble.4.~. Inhihition of drug-metabolising enzyme activity ~.n rats. folloving traRt~ent with a 
sinGle dose of 4,4-dimethyl-l-{J,4 methylenedioxyphenyl)-J-oxo-pent-l.-ene (1J2L7 655) 
j_n a COi."n oil vehicle (l.Oml kg- 1 ) by intra-perit;llcal illj3ction. 
0ontrols were dosed with corn oil. (l~Oml kg- 1 ) 
Test Grol.p 
Control::; 
50 mc kG 
200 m,Z' kg 
Controls 
200 mE; kg 
Controls 
50 mC" J<g 
2 00 111:;" kg 
Time after 
dos:l.ng 
-1 hr 
-5 hr 
-24 hr 
Aniline Thia.bendazole 
hyd:oxylase hydroxylase 
umoles product g liver .hr 
2.2 + 0.06 
2.2 ±. 0 0 07 
1.8.:!:. 0.03** 
1.7.± 0.09 
1.5 + 0.03 
1..71: 0 • 08 
1.7.:!:. 0.14 
1.8 + 0.12 
1.3.:t 0 • 05 
1.!+ + 0.17 
1.1 1: 0.06 
1.2 .:!:. 0.06 
1.0 .± (). 03 
1.0.:!:. 0.01 
0.9 .± 0.01 
1.0 + 0 ~ OJ 
Sic;nif'icant di:fference of test me:J.n :from control mean *p 
Cyt 
O.D. 
T:> 
~ hso 
4 ~'" !,,.,,,, ... ~" :.;\j- 1-:,/~_} "'...u.....J. 
per rug ;:lj_el-. .!7ro tGi11 .• 
0.056 + 0 0 005 
0.056 :s:.. 0 0 001 
0.077 .±. 0 0 001 
0 0 082 -I- 0.006 
0.081 -:- 00006 
01053 .:!: 0.008 
0.0S2 + 0 0 003 
0.051 + 0.005 
= 0.05 
';Hp = 0.01 
.**~.p = o. COl 
Table '+.6. 
Test Group 
Cont.co;s 
100 mg k:; 
I 
Controls 
... 100 nlG kg 0 
... 
Controls 
100 n:g ro-:.C 
Significant 
Inhibi tion of druG-metabolising enzyme e.cti vi ty in rats following o~2lo1 ad::1i:lis tra tion 
of a single dose of dodecyl imidnzole in propylene glycol (1.0;:11 kg -1). 
Controls were oral dosed with propylene glycol. (1.0ml kg -1 \ / . 
T:;"r.J!~ after Aniline Thiabendazole C -r~ p )" 450 Cyt b(J :.J 
cosing hydroxylase hydroxylase o. D. 450-1~90nm 0.D.310-326u'7.. 
unoles product g liver hr :;)er mg microsomal protein. 
1.2 + 0.03 2.0 + 0.0'1 0.063 + 0.00 0.055 + 0 .. 00 
-1 hr o • 9 -r o.!) 5 * 1.5 .±. 0.094<--* 0,,063 + 0 e lJO 0.0.58·h 0.00 
1 • 1 + 0.01 1.2 + 0 0 08 0.057 .:t. 0000 0.07'2 2:. 0.01 
-3 h:;.: 1 .0 + 0 .. 00 1 .1 + 0.2 0.057 + 0 0 00 0.068 -1- OeOO 
1.3 + 0 6 06 2.2 + 0 0 09 0.065 .± 0 0 00 0.078.:!: 0.01 
-24 hr 1.3 + 0.11 2.1 + 0.13 0.069 + 0.00 0.080 -'- 0.0: 
--
dIfference key of test mean from control mean *p :::: 0 0 05 
*-:"P ~ 0.01 
***p = 0.001 
:!.)(' ~Jlil(' t11V1.i ;n; nrami nn :-lnd i mi nrilrlrj ne • 
-,-_._,-"' .. _----" ...... ,-------_ .. _.-.--_-.._-_. . --~ .. 
A signiflcant; inhibition of t'.Linbon.-t;lzole hydro:;:ylB.tion 
occurred in rats up to 1 /-{ hour~3 a:fter 
des::Jt~ th.y limip I'alrline ( -1 80 llIC 1((; J).O). AnilinE! and 
control and test !:,:X'oups were only si,~llit'icul1t U.p to 5 hours 
after dosin~ (Table 4.8). 
A single dd,ninil3t~:"ation. of desr'I':lt~Lyl ifiliprFl'ILi.ne or 
-1 imlprar,1ine at 20 wg kg caused a marked i11l1ibi ticn of 
thiahendazole Rnd aniline hyroxy.lases in rat killed b~o 
hours after i.p. dosing,althou;;:l e t.l1ylm(n'plli~1e demethylase 
an.:l hiphenyl·- h-hydroxylaso ae tivl ti es ''lere unaffec ted. 
Desl.!1cthylimiprr:unine appeai'ecl to be more elfoc tive than 
imipral:Li.ne in inhihi ting tllinc)enchzole hydro~(ylatioll (Table 
Follol'T1,lg' tr0atl!~(:lllt of' rat~j with clesn!('t~tyl:i.miprhnd.ne or 
at 20 eae11 day for J days, a.uimals 
were Lilled on the f'ourth day and the livers oxandned 101' 
urug -metaboljsinf~ ~nzyrnf> activity. Control rats (4) were 
simi 1ar1y dosed \v:i. th sa]:i ne (1.0 !nl 
1 
-.L ) l(L~ • In animals 
and ani liJlC hy droxylas~~ ar. ti vi ties ,.,er8 lower~d rela ti vo to 
the controJ. Group_ 
-10L-
,l nd cytoc hrOlUO b ... 
::> 
levels 
..... 
o 
\. ) 
I 
~.2.1e 4.7. Inhibition of drug metab"ollsing enzyme activity in rats following oral adl'!1inistration 
of a single dose ot: ethoxyquin in a corn oil vehicle (1.0 'nl kg -1). 
Test Jrc~.:.p 
Controls ,,:ere dosed with cnrn oil (1.0ml kg-I). 
Time after 
dosing 
J .. niline Tr. inbend,"!:4oIe 
hY'i::-oxylase hydroxylase 
-1 
umoles product g liver hr 
Diphe:lyl-h-
hydroxylase 
u~ product g 
liver hr- 1 
Cyt P450 
0.:9.450-490 nm 
Cyt D ... 
:J 
O.D.]1.C'-J26nm 
per n:g' microsomal pro te in. 
-----------------------------
('ontrol.s 
50 m~ 1<-6 
iOO mg kg 
200 rng kg 
Control'3 
200 m',i kg 
Controls 
200 mg kg 
-1 hr 
-5 hr 
-10 hr 
2.6 .'. 0.11 
2.2 .:!: 0.28 
1.8;: O.l;~<* 
1.6 ;: 0.21~** 
2.2 .:t 0.0.5 
1.9 + 0.01* 
1.7 .:t 0.01 
1.7 + 0.02 
Sie-ni:ficant dif'f'erence of tost mean from control meC\n. Key 
1. 48 ;: O. 17 
0.096 :t 0.12* 
0.7) .±. 0.<)9*** 
0.5) + 0.10"'*~ 
1.57 ;: 0.01 
1 • .5 ;: O. 02 . 
1.3 + 0.01 
1.2 + 0.00 
*p = 0.0.5 
**p 0.01 
***p 0.001 
217;:7 
161 + 9** 
In .:t. 4 
137 .± J** 
0.067 .:. O.O! 
0.072 .:t. 0.01 
0.08J .i 0.01 
0.077 + 0.0: 
0.085 .:: 0.00 
0.079 + 0.00 
0.06J .i 0.00 
0.065 .:t 0.00 
0.074 ± 0.00 
0.078 .:!: o.oe 
0.0]8 ± 0.('0 
0.06S .'. c.oo 
Table 4.8. Inhibition o~ drue-m~~Rbolising enzyme activity in rats ~ollowlng a sin[;le oral 
-1 ( -1 ) dose with desmethylimiprarnine (1) 80 mg kg in sali.ne 1.0~.ll kS- • 
Controls were oral dosed with saline (1.0ml kg). 
Test Group Time fl~t()r Aniline Thiabendazole Biphenyl-h- Cyt P450 Cyt b5 
dosing hydroxylase hydroxylase hydroxylase O. D. 450-1+90= o. I'. J 10-J4G':1~ 
umol~s product g liver hr ~-l uc; product g per mg microsomal pro~ein. 
IJ.vt'r hr 
----
::ontrols 1.1 ± 0.08 1.S±0.08 168 ± 12 0.093 ± 0.00 0.094 2: O.vO 
80 !!1~ kg -2 hrs 0.8 ± 0.08* 1.1 + 0.08*"" 1" • ± lh 0.099 .:t 0.00 0.093 -+ 0.00 ... ,
..... 
0 
.;:.-
1 J ± 0.08 2.1 ± 0.07 173 .:: 25 0.074 ... 0.00 Con"trols ~ 0.089 .:!:. 0.00 
8f mg kg -5 hrs 1.0 ± 0.07** 1.2 ± 0.07*** 116 .:!:. 17* 0.089 -+ 0.00 0.092 -+ 0.01 
(:onto:-cls 1.5±0.11 1.:! + 0.11 182 ± 17 ').066 ± 0.00 0.056 .::: 0.00 
_ll~ hre - "t 80 mg kg 1.2±0.lJ 0.9 1:. 0.06 163 ::::. 12 0.066 1:. 0.00 0.01+9 ± 0.00 
Controls 1.) .:!: 0.10 1.6) 1:. 0.10 164 ± J 0.077 ±. 0.00 0.081 ±. 0.01 
80 m~ kg -.26 Me 1.1 .:!: 0.08 1.4 .:!:. 0.02* 180 .:!:. j 0 0.086 ± O.CO 0.087 + 0.00 
s:· t;ni:'"'itant difTerence o~ test me un ~rom control mean Key *p = 0.05 
*~p = 0.01 
*~.*p = 0.001 
r 
. !~~~ 
Teet Gro;!p 
Drug metabolieing vnzyme activity in rate (i) ~ollow1ng a oingle do Be o~ imipramine or 
doamethylimipr&mine 0 20 mg kg, 2 hours a~ter dosing (ii) ~ollowing three s~ccessive 
dO!i<'s as belo~, enimals killed on the ~ourth day, 24 hours a~ter dosing. 
~ 
Th~abendazole Aniline Ethylmorphine Biphenyl-4 Cyt P450 
hydroxylase hY'lroxylase deme t'lylase hydroxylase 0.:').4SC-h90n!1l 
\ . 
umoles product per g liver per hr. per mg micro 
::kntrole 2.6 :t 0.01 1.7+0.01 13.0 + 0.5 3 .:t 0.07 0,065 + 0.00 
(i) Im:!.pramiI'.e 1.6:t o•10*** 1.4 + 0.03** 0.1 + 2 ) ± 0.05 0.072 :t 0.00 
20 Ill!, kg i .p. 
D·,smethyl- 1.5 :t 0.01*** 1.5 .j. 0.03* 12 + 1.4 2.9 + 0.06 0.066 + 0.00 
imlpramir.e 
20 mg kg :l.p. 
controls 1.2 + 0.02 1.2 + 0.01 22 + 1.7 J.9 :t 0.6 0.077 ±. 0.00 
(i:t ) Imipramine 1.2 + 0.02 0.9 + 0.01** 20 + 1.4 5.4 + 0.28. 0.087 .:t 0.00 
3 x 20 mb kg i.p. 
ne~"'ethyl- 0.9 :t 0.01** 0.8 + 0.01*** 19 :t 5 .5.8 :t 0·51* 0.080 + 0.00 
imipramine 
3 x 20 mg k~ i.p. 
Cyt b.5 Cyt ;: 
0.D.)10-)26mll reduct'::":3,) 
prote·i·r:.·'· unita g liver hr- 1 
---j 
0.074 + 0.00 0.1) + 0.00 
0.077 + 0.00) 0.1) + 0.00 
0.082 + 0.00 0.14 + 0.00 
0.088 .:t 0.00 0.25 + 0.01 
0.085 + 0.00 0.)8 ±. 0.00*** 
0.081 + 0.00 0.)5 + 0.00""" 
Sicnificnnt dilference of test mean from control mea~ 
... Key *p 0.05 0 (II **p 0.01 
**'p 0.001 
,.;erc uIFtffec ted. III cop.i .. ras (; ~o the .i. :lilibit:ioH (l.? the 
typo II Jry roxy 1;:~, C s, b i. p 1 ,en)"} ._l:-llydro~~y let L :i. ')11 ,mel :'UI.])jlIL)-
.... 
cytOc1U'Of:IC C reclnct:tse hc-civity Hnc~ ~;tiI)Jlllat()d (T(Jble ."·.9) 0 
"~ 1 
n t r) () l!l <r k ,,' __ ~~__ ~_J..I.__ 
In l,vistar aP)ino rats dosecl orally wi th t1linbend,'tzole 
as [t C·'lc'")e11 C • ·'1011 .; Jl Cor~'l 0 i ] .. ,·t t;() I"." ]- .. -1 Ul .. ~:.:>1 .~,.-.. J. , J .. ~ .. c\. ~ \. -~:L> ~o , t1w 
concAntrntion of the d~lC w~s observed to rise sharply to 
reach a pCG.k cone(~ntrat·!on a:fte~~ 3··'~ hOU1~S (F'i'~'ure l~o6.) 0 
The plasm8. COll(~e.n tra ti.on was ·:::hen ohserved to dec:coase wi t:h 
The treEd VlaS then revArsed 'vi th hizher plasma 
COl1ol)ntrations at 8 hours l'euchine u second peak c::.t 9 hours 
(pot. sho\'fn in Fig .'+.6. ), af'ter \1hi ch the lo~' plasma conoen tr-
ation decreased as beforeo This phenomonen appears to be 
a ttrihutablc to gas tric ticcre tion of tlle drug f'ollo",'j 11e 
Abso:t'ption. Because of' thi s bel1Clvi our, the plasma 11a 1f-
li:fe js difficult to expr.ess in meaningful terms. 
1;;hen l-dodecy~-il1riddzole (100 rug kg -1) was admini s tered 
\Vi th thiauentlazrde @ 200 Ill&, let;, the plasma CO;1Oen tra tion 
of thi8hendazole. in t1ie jolnt adr·.i.nistration f::-r'OUP, was 
observed to be higher at .J hol.u.'s Ellt;er dosing' than '1:1 l'i:J. 1:3 
which received tlliabn'ldazvJJ! (@ 200 m~ k{~ -1) z~lone. .H~tor 
5 hours, plasma thiabendaz,)lp. lev.:olR ,..,.ere sind lar in both 
f~rOllpti (See Fi{';ure II 'i) , .. . 
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< 
J:~ -~~ 1-( n ~' ... .rq ~.::j 11 -.. ]~.:J f\ri, V"(; ~') t: ~ (! i t; ~3 It 
__ -.. .... __ ....li'..--~ .... , ........... ~'" ~""~ ___ '._.'_'_~'~ __ " __ ~_.,_n . ~"~ ____ k_", __ _ 
In ::.nimals + thl;l·· 
benda7.o le Ci 100 -1 111'" k.';' .. ~.) ' .. J , ).:>1",:3:.':", levels of' were 
A con1:J.nl1olls plaLc<tu 
10v(;1 of' c .5 ug Till-- 1 \v:::U3 noted from 9-16 Jh)\ll'S (F:iG. 1i.8). [Fe,,, 
cla":t\j, -fh-e p'asVVlc-\ J.)eve..l of ii.-ilctbe¥lda:zole \-b ht"S is si.-lOLO'" ] " 
r;tl:o~r"c;ui.:l·· 8nt Icon stn(li,~~;. _~ .... _,, __ -r ______ '__ .;;..J.;_. _____ _ 
In r-tllil'l'..tls trented ~.,,:L tll thi.C":tbt;lhla;·~o18 ::tlnun, tidabenc1i-'zole 
was obs orved to ,iisap:;)o;n' from the C'u t loop at .3.n ex])oncn ti.al 
\ 
rf-tt(~ with 0, half~·.life of .12}!linutes. l":thoxyquilJ (lisappGared 
rapi(n~r fro;rl thn :,~ut .loop for- th~ firt;+', 5 minutes 1'tnd then 
roappearcc1 in the i~'ut lu/{1cl1. after ,.} minute[;, the compotll)d 
ceasing to bo absorbod after t}:j.s timf) (Figure h. 9). 
In animals rec,:dvint:; thiabenrla:t.ole + etho:,.:yqLlin, botl1 
compound~; clisapp,~ar-ed at tho sare) rate wittl a half-life or 
15 -~ minu t e s • 
The U. V. spec tra of 0 tlLOXY Cj !l.i.n and t 1liahenclazo] e ,·!ere 
examined and the ~Jpec tra of tll~ th 0 C0111])Uunds wore addi ti ve, 
no shi ft in eJ. thor a hf:iOrbar.cc peak heing no ted. (;<'i;; .l~. 2. ) 
On au topsy 01 the rnt:i.:nals Uf: cd in c-xperimcn ts described 
1J). Sectiotl 1{ .• J.2.3., 2, If hours art-or administration of the 
compouP(lr:;, ti18 (ulinH,'t 1.s re;:ei vi n;;- thiahendazo 1e + ethoxYCjuin 
or ptho:':.yqllin n.lonl~ s~10'ved Ie\.' peristaltic; ,,'avos and the 
cArdiac rl"i,,'ion of' tho stomach ":as ~lJlpty, A phenol roc. 
-10q·· 
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alone and corn··oi.l dosed controls had :fed, and the phenol 
reJ. pell(~t h:)d moved to the jejenmn. 
Like et~)()xyquin, dC::31ilC tllyli.mip1'<J.mine \1hon adli!i n1 5 tex'cd 
01'all}!" 'vi th thinhcnchzo.le (desmethylilldJH'Cllllin:::: 
leve 1. s nf' thiabenc1:1zo1n up to 12 h(;u1's a -rter ,1os:;"nG (Pig h.1 0) • 
The depression o:f plasr.n thi.~.hendaz{)le l'3vels was aJ~pcirently 
caused by an inhibition of Gastric emptying by uesltlbthy-
lirnipramine, as indict'ted by the 10cn ti on of a co .. adrni::d s-
24 hour8 Inter. The 
effcc';-; or desrne thyLlmipt,<-twine on tJ~e de pres ti:i on of IJlasma 
levels of tlliHbend<l:?;ole was more marked WllCll desllH3thyli:ui-
pramine 'vas adltli~listered -} hour prior to the thiabendazole 
(Figure h. 11) . 
1Ihen deslllcthylimiprallline was adrninLstc1'ed intra-peri to-
--1 
neally @ 20 rnb kG' shortly before oral dosin~~ wi th thia-
bendazole @ 200 inhibition of' .:;ast1'ic cmptying 
was again noted, wi th the consc,:;up.l1t depression of plnsm<: .. 
thiahendazole levels. 
Administration of' both (,;olllpoUnCt::';, diEso Lved in diJlJethy' 
sulphoxide, by the int:ca-pcri toneal rou te (Deslllcthyl-~lJl:lp--
.caminE' 20 'rnr,- -1 k~ , thiabcndazo "e Sf) IllG kG -1 ) ca\~sed an 
'1 
50 
;E;I=(~l:B.s_~.~ 
P la13!ll<t conc(;: n l;r;, ti on of thiahend;'l:~(ll' 
flP-Sl:1cthyl iHli;)rcUiline orally 
administererl 30 min. prior to oral 
adrni tli::; tra ti on of thi a hcndazolc;. 
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FIGUH.l;~ It. 1. 2, Plasma ccncen tra t.i.on of tJlif:lJJCndaz(lle 
follO"\vin[~ illtra···p(,ri toneaJ. adminis1;ration of' 
thiabendazole (@ 50 mg kg -1) and desmethylimipra!'iiine 
/ . -1 ) 
,@ 20 m:~ kg 
I 
2 
/--
··--1 
3 
--- "i (died) 
.~ 
/ 
-1 Thiabendazole (~ 50 mg 1<:g' 
+ D.M.I. @ 20 mg -1 1\:f~ . 
(died) 
'r.i:tiabendazole 
-1 @ 50 mg kg • 
~ime after administration (hr). 
-: 15-
A.fter 5 hour::;;, 3 of the h 8nimals jn the joint Rd.IJl:in;.[:>tl'~ .. l·ion 
croup hnd (lied, shoHing n.C1J.t(~ respira tory eli strCH';S <l.nd B. 
rapid, woak heartheat. 
thihbenda~,;ole or dime thy1sulphoxi.de ::1.10no hTC re seda:;;cd , but 
survived the experi.ment. 
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The seloc tion o.f a sui. t<:-.ble inhi bi to:!.' of' thiabenu(,tzole 
metabolism in v:~~ presents SOllie nroblems. The componnd of' 
choice should pref'~rably be effective at 10" concentrations, 
be moderately lOUE actine (12-18 11ours), have a low toxicity 
'\Then co-administered with thiabendazole and be selective in 
its action. 
Organic me:curials such as p-chloromercuribenzoic acid 
have been found to be effccU.ve inhibitors of' drug metl:'tbolising 
en7;ym0s in_ .. ~.'.:J.!I'\~, pr.Jbably ~uei;o an inh:ibition of accessible 
811 groups associa ted wi tll the prox.J_mal electron trans'f)ort 
chain (Cooper e ~_~l., 1965 j ..... Ji~oslli ~ 0t ale t 1966). Because 
of' the considerable t.oxici ty of orenaic mercury COll1})ounds) 
this type of' compound would be of no practical interest~ 
7,8-Benzoflavone has been observed by Gelboin et a~., 
(1970) to be an effective inhibitor of benzpyrene hydroxylase 
in ~_yi t~ mouse embryo cultures. This compound was found 
to be virtually inactive as an inhibitor of hepatic drug-
metabolising enzyme activity, and it is now known that 7,8-
benzoflavone is more effective ugain8t extra-hepatic drug 
oxidation that of drug-oYidation in the liver (Gelboin et al., 
1971). 
'l'hG in};.:!..bi to!~ S ~~F 525A has bee'1. shown to be ef'fe0 ti ve 
against hepatic drug oxidati..m botr. ~h!:'.;.. vi. t..E.2. and in vivo by 
Brodie ~ __ al (1956, 1962) and by Anders (1971). This 
compound was f'ound to be ah ef'f'ect:iv(~ inhibi tor of' 
-11/-
chiaJ)a'ldazGle-5-hydroxylase J-l.l._y":i t_:2-ilad a number of' othec drug 
me tabo:i.iGing enzymes :l r~ . ....Y:.t voi.J.~ vj~t.!:C!. SKF 525A biEd::; in a 
type I fashion to hepatic micro50mes (Kato at Rl., 1969) and 
shows nOn-COljlpeti tive inhibi tion kinetics wi tIl thiaoendazole 
-5-hydroxylase J:!.l vi:t::.!'.9-'!.. I t has been 8110"n that' th:1.a-
bendazole binds at the type II site and therei'ore s because 
the inhi.bi tion of' tldabcndazole-5-hydroxylase was not 
selective, this compound was not investigated f'urthero 
Piperonyl butoxitle, an insecticide synergist 1 IJ.ils heen 
sho~"n to be a strong i11.hibi tor of' microsomal dirnethylami.no-
pyrine -N- dernethylase and of hexobarbital hydroxylase in 
S,~iS5 albinf) mice (Jaffe ~_al., 1968). The structural 
aI~alo{;Ue BHL 7566, haa also been shown to be an i11.hioi tcr of 
hexobarhital metabolism in vi~ (M.A.Ca'"{thorn~, private 
COITUlluni .. ca ti()n) • Both compounds ,,,ere found to inhibit 
thiabendazole -5- hydroxyla!5e iX!.. vitro,although the ef'fects 
in viv<iin ~itro on thiabendazole -5- hydroxylase and. aniline 
hydroxylase activi ty lvas not marked. The inhibi tion of 
biphenyl-4-hydroxylase by both compounds is possible attri-
butable to the strong type I bindin~ o~ this type of compound 
to ~epatic microsomes (Franklin, 1971, ). 
The latter example highl:i ,,,;,hts a frequently met problem 
in drug-met3.bolisitl studies, tIm t is a com[Jound may show 
marked inhibito~y properties towards drug-metilbolising enzy~e 
activity}.n vitro but not in vivo/in v.itro. What arE' these 
dif'f'e~enc9s attributable to? Possible factors involved 
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in t.ile in v:i vo si tuation ara non-speeiflc bi.nrLl.ng r:..nd 
dep~)si tio:il. uf' the inh:Lbi tor Ll ('[c1.iposc tt S3ue. These factors 
mie11t prevent the cOPlponncl rei'l.ching thl) liv(;r in sufficiently 
higb. conc'Clntra tio11. to caus() inhibi ti on of clr ... .lg rnetabolisin,:; 
enzyme activity. Ax..e.ltod.. e;\: oJ ~19G~)) found that ~"hen either nor-
adrenalino or adrenaline were a~ninistered, about half of 
tho dose of these sympa.thoruimctic <indnes ·t\Tp.re inactivated 
by metabolic transforlilation and the othor half j.s inClctivatcd 
by being bound in the tissues. 
J~UlOxyqu-Ln, an·anti-oxida:nt~ vias found in :'.I.nthelrnintic 
potentiation test.s to 2)otentiate the cf'fic~~cy of thiabexldazole 
in experimentally-infected 
mice. Stud::'es with etllCxyquin have shown that, althoue:h the 
compound is an effoctive inhibitor of thiabentia7.ol(; metabolism, 
the inhibition observed in vi~in vitro is short-lived. 
The latter ohservation sU(jgested that mechanisms other than 
inhibition of thiabendazole metabolism might be i;lvolved, 
and therefore an examination of intestinal concentrations of 
tldanendazole in tho rat after ora.l admlnistra tion of 
( -1 ) (-1 ) ethoxyquin 400 rug kg and tldabenda.zole 100 mg kg 
lvas unrlertaken. }i'ollmvill~ joint oral administra tio!""! of' the 
two drugs, the concentration of thiabendazole in the first 
10 em of intestine, 20 hours 2fter dOSing, was thre8 times 
higher than i.n similar samples taken from rats which received 
thiabendazole (100 ruG' kg-i) alone. The~e observatio~s 
suggested tha t interference wi t!-~ tldahendazole <'lbsorl=-tioll or 
{~astri..c elnptying could be responsj ble for the incr(::ase in 
~119-
tratiorJs 01 tl10 anthelminti.c. 
Experiments with isolated gut loops of the rat have 
shm'ln however, that both ethoxyquin and thiabendazole are 
readily absorbed frnm the gut and ethoxyguin does not 
appear to siGnificantly alter the rate of absorption of 
thiabendazole :from tho small intestine. Comploxinr,- of 
tldabcnda:;-;ol'3 and ethoxyguin would presumably lead to a 
compound of hi~h molecular wei~ht which mieht not be absorbed, 
but no evidence of this event has been noted. 
profile stuuics of thiabendazole concentration f'ollOlYing 
co-administration of th.iabendazole and ethoxyquin, rev~3.led' 
tha t thiabendazole was not absorbed for at least 8 hCJurs 
after dosing. Such a phenomnnen su~gests that an inhibition 
of' gastric emptying occurs. A phenol red marker co-
administered with ethoxyquin in a second experiment wau 
observed to remain in the stoma~h f'or 12-14 hour~, indicating 
that ethoxyquin was responRible for the inhibition of' gastric 
emptying. 
Since pretrea ttnent of ar:.irnals wi th il1.hibi tors of gastric 
emptying is knO\vn to slow the absorption of' many drugs 
(Consolo et al., 1968, 1969) ethoxyquin could well pxert 
its synergistic effbct on anthelmintic ef'f'icacy of tldaben-
dazole by this type of inhibition. If this is the caso, 
t!1en desmethylimipramine shnulc! "be an eVbn more e:ff'ective 
syrier{~:ist, on a 've:i.{{ht-:for weig'ht basis, as dosll1et~nyl­
imipramine caUAes a complete i!lhi.bi tion at 80 11lg kg- 1 
4 -1 compared to ethoxyquin at 00 m(~ k~ • H0reovcr, 
deslllethylillltprd.l!l:i.no has beou sho.m to be a lcnc-ac t:i ne; 
inhibi tor of' bepa tic th:::abenda701e -5- hydJ:'ox·~.<'LaGc r .. t 80 
-1 m{~ l.;:g and, since dE~:::;Jnc:thyli!lliprnmine bi:::.ds to Cytochrome 
Ph50 in a type II fashion (Von l.'ahr, 1972), the inhibition 
is rea sonnbly ~,€lecti.vc for type II su.h:::;tratGS. The plasma 
levels of tl1iab ylldazole, when adl1linistE~red with dCSHlGtl1;"l-
imipramine (80 mg leg -1) ,'.rere found to be maximally dep-
rossed if the c1esmethylimipraHiine was {~'iven 30 minutes 
prior to tbe thiabendclzole (100 mg kg- 1 ). 
Following my studies on. the effect of variouscornpounds 
on thiabendazole IlIetal>olism and absorption, and the conse-
quent effects of' these compounds as synorgists of anthel!1lint:i.c 
activi ty in vi v~, it was rd' considerable inter(;st to make 
direc t measuremr:m.t s of nnti-parasi tal ac ti vi ty of' cOllibina-
tions of thiabendazole with the inhibitors studied. . Those 
measurements were made i'or me by Mr.B.Hnnger at the Animal 
Health Unit, Beechams Research Laboratories. The methods 
used and results obtained are presented as an appendix to 
this chapter and his results will be considered in Chapter 
6. 
Appendix. Anthelmintic Potentiation Test. 
steps in the tecl"~ni (lue used illvol ved cuI tm.'e of' third 
stage l::>rvae, infection of the m0use with the parasite 
anrl finally testin~: the anthelmintic comhlnation. 
Faec~s (~ 100g) are collected from inrected mice kept 
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in a culture caGe, ""hich a:LIOl'JE; urine to p(l!:5S ttLi.'ongh Lut 
retilins the :faeces. 'rhe faeces are collActed, f,oalcdd in 
Hater and then hOllJoc;cnised into a crearllY suspension. The 
:faecal homoGenate is mixed with sterile charcoal G'l'Clll1.d.cs 
and allo,ved to stand at !.j°C. overnie;Jlt, prior to incubation 
I t . ".' ~]. , ~t 2 '7°c' f'. in Hl'[~'C pe 1'1 tJ.J.", Ies (;" - • ~ or three days. The cuI tlH'e 
:i s spread over a 100-lnesh sieve in a Haerman appa!.'a tUG 
and thp: larvae :filtered through by \vashine; the culture 
throurrh several times with water. 
Mice of approxilila tely 16e; 've ight are 0rally dosed vi th 
about C 100 larvae as a suspension in 0.1 ml 507~ Gum acacia/ 
Approximately a 30-40~ take is ubtainBct. After 7 
days, animals are dosed 'vith the test dru~; or d.L'uG combi-
na tion and allOlved 12 days for the treatment to take e:'fec t. 
The mice are killed by cel'vical fract'Ll!'e, skinned and the 
peritoneum cut. The stomach is removed and pinched off to 
sever the gastro-intcstinal tract. The intestines are 
lifted out of' the body and placed on a large glass plate. 
Another glass pIa te is placed on t fie top and a Rquash of 
the intestine prepared. Hature worms are readily observable 
under the 10\<] pmver objective uf a microscope as curled 
pink whorls. IIGl10sts II _ dead nen.a tocle s ,·.'hose in tarnal 
strpctures bave started to dL::.intect'ate D.l'e also COt~nted.. 
The results obtaihe.d 1'o110winl; prctrcu. tment of' arlimals with 
cieAwethylimipramine are s1101"11. in To"ble, 4.10. The dcs-
methylimiprami :':le was admin:i.s tered in a solutj on in wa:..er 
-1 
at 100 11lF, kg per CIS I h,111' an hour '-/8:('0['C dOE:ill{j wi tIl 
thiabnndnzole at 250 or 500 mg Two (;roups of' mice 
-1 
also rncoived thiabenda7.olc alene at 250 and 500 mg kg 
and another eronp were given merely desmethyJ.:i.mi~)rc.lllltnc at 
_ -1 
100 mg kg' From Table 4.10. it can he seen that pre-
dosing wi th desllIcthylindpJ'cllninc did not cause n_ny notic,cble 
improvement in the a.ctivi ty or thiabend~zolc ae;ainst 
N ' . ., ') . leJ1la-::;o~)p:J rOloes .. nuno~ in mice. 
Tabl~ It.1 O. 
---,.,.----
._-----_._----
Dose 
Thia.bendazole 250 
Thiabenda.zole, 30 min 250 
after desmethyl- 100 
imipramine. 
Thiabendazole 500 
Thiabendazole,30 min 500 
after desmethyl~ 100 
imipramine 0 
Desmethylimiprarnine 100 
Date infected 
Date dosed 
Date killed 
Control. Ac ti v:i. ty. 
burden mean 
-----------_ ... _--
19 37 
21 37 
11 3'/ 
8 37 
35 37 5% 
--------------. ----------
\{orm Nematospiroides dubius. 
Table l~. 1 J. • 
Drug 
Thiabendazole 
Tlli.abendazole 
Thiabendazole 
Thiailendazcl~ 
Thiabenda?:ole 
Aspirin 
Thiahendazole 
Aspirin 
Aspi.cin 
Dose 
m(?,jlcg 
250 
500 
750 
1000 
250 
100 
750 
100 
100 
Date infected 3.11.72 
Date dosed 10.11.72 
Date killed 22.11.72 
r-lean \Vo:t'm 
burden 
16 
11 
9 
17 
9 
36 
Worm 
-12)-
Control Ac ;;1\"i ty 
mean 
37 
37 6' 3?Q 
37 70,/0 
37 76~& 
37 f 55~ 
3'1 77% 
37 3% 
Nematospiroides dubius. 
Tab I!'. h .12. 
----, ......... ~-
AntJl.t" Imin tJ (' no t(Yn tia t:iJ)Jl to st. Inv0s ti.';'a ti on 
___ ~··_' __ """.r"--'_"'_.",,-"",, ___ '_"' ____ ·_· ___ - _ ..... _ ........ _ •• _ .• - ----.-•• --.-- ..... _ .. ---._- ~->,-.. -~. 
of 1)ossible syn.0r,~ristic hctivi ty of variouE: ~ .. ~ .. _ .... , __ .-....ft~ .. ~.-~> ___ -... ........... _."".'·-1._ ... ,,_. ___ ... _ .... ·._~,._---~--"" .. --------
£.Q!'!'!J~S~'!'-!'~ d?....!-. 
-.----
.,._-------------_._._---------".-. 
Drug Dose Mean worm Control Activity 
Ill~/kg bu.rden mean 
-------------_. __ ._-
rfhiabendazole 750 17 27 37% 
gthoxyquin )00 28 38 2676 
(Thiabendazole 
1-~ 
'" 
hr later) 750 
Ethoxyquin + )00 7 )8 82~b 
Th:i.abendazole 750 
Ethoxyquin )00 38 )8 ocrt 1° 
Piperonyl butoxide)00 2e 45 11 ~~ 
(Thiabendazole 
1t hr later) ,5fjO 
BRL 7655 50 2() 27 26% 
(Thiabendazole 
1-} 11r later 750 
ParbendRzole 250 17 27 40% 
Ethoxyquin 300 11 27 58~~ 
(Pal"bendazole 
1 ~- hr later) 250 
nRL 7522 150 20 45 57% 
(Thiabendazole 
1} hl' later} 500 
CHAPTER FIYE 
Ir.>hibition of ~umarate Htductase 
In recent years a great deal or uttention has b;)eH paid 
to the anaerobic metabolism of' helminths. Fumarate redllcts.SEl 
NADH: fumarate oxidoreductase) has been shown to G.n 
essential component 01' th(c~ fermentative pathways of tbe adult 
& Bueding, 1961) and lIYrlJcnolepis d~~E!i!lUta (Scheibel et al.-1, 
19(8) and the trcma tode Y3.2.£j:Q.la:..11.~p .. !lti.£..~ (Pri tchard ~_!....!.!l 0, 
1968)0 Many pu.rasitic helwintjcs, living in environments 
low in oxygen, excrete sl'ccinate a~d volatile fatty acidc 
(Bueding et al., 1959). It i::; probable that the fumarate 
reductase meGha:nism is essentiR_l :for the regeneration of 
NAil+ in these parasi tes (Pritchard, 19'10), alld th0re is also 
considerable evidence that ATP is generated anaerobically 
in the oxidation of NADH by fumarate ill these or,<;"anisms. 
(Sejdman~tal., 1961; l"jschbrova ctal o , 1968; DeZoeten 
etal., 1969). 
The anaerobic pathway for succinate formation from 
14 glucose has been inve::;tiga ted employing C -labelled sub-
s1,ra tes (Saz and Vidrine, 1959) und is summarised in 
Figure 5.1. It was found that glucose was metabolised via 
glycolysis to phosph0enol~yruvpte, and carbon dioxide was 
incorporat~d in phosphoef~01pvruvate CH2 .CO(P04- - ) COO-
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Thls (~nzymo in mammDli;:ul S'y~:; tcm~'l en t;:,lyser::; the f'oy.';na tlon of 
pur:Lf'ied m.al:l.c onz)!(,l() (EC1.~ .1.39) :L'rm:: !~!:~:~.~L..!:: hcJ.s beon 
1.0/ r; >7 " '[."0(1/,.'," {> (.' t· C'l 1 10'7? ) 
../ J..'. .~.:... __ ~ ';":":;''' ...:.. .... '- 0 :Co:r"Jrirt tic :n. ().f 11~(31a te l'."e(~erJ.el"'a. tea 
cytoplasmic; lTAD+ so t),,,;.t {~lycqlyf;is may continue and 
mammalian syst('nns, J:,;yruvatc lH3Ua.lly a.rL-,cs from phosphoenol-
pyruva to by the £:-tc tJon of' the enzyme pyruva. te kinase. 
Hmvevei', pyruvate IdlV1S0 hruj not bl~cn detected in signi:Cicant 
amounts in !:.~~_S~l:'~ and pyr'u~-·<l.Le, CH3 .CO.COO arises from 
the decarboxylation of mRIRte~ catRlyscd by mitochondrial 
malic enzyme. The NAJ)H2 generated by this reaction then 
serves to reCluce a corresponding a;i1ount of malate to 
succinate vla the fUlllnrate reductase sY5t~m, '~ith the 
concomi tan-/'; i'orma ti01' of ATP (Saz, 19';';;;~), al thout~h the 
c'xact mechanism is riOt knouri. Bryant (1.97;~) has su;~gested 
tha t NADH2 oxicia tiOl;~ by a~lalogy \.'i tll mammalian sys tems 
yields 3 moles of ATP. LikO\1:l so, tlw conversion of fumarate 
to succina to could require <'1.n amoun j; or energy equivalent 
to 2 molecules o:f ATP. The net yield J if the apparent 
enzymes and carriers exist, is thererorc 1. mole or ATP. 
In this schem(~, f\.lll1Ctl'ate rcdllct;'l.Se appears to be the key 
enzyme in the cncrgy,-yic1.d:!.n;~'; patlnmy. 
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c§C}-l""""""'-H 
H '" S .... 
THIAm~NJ)AZOLE 
2- (4 .. thiazolyl) benzj rnidazole 
CAMBENDAZOI.J"~ 
5- (isopropox:ylcarboxyamino) , 
2-(4-thiazolyl)benzimidazole 
T}<~THAMI SO LB 
2,J,5,6,-totrahydro-6-phenylimidazo-
(2,1-b)thiazoJ.e. 
Ace t[~ to ] las als 0 bc:crJ ide]) t; i fi eel H 8 a. ferJllGl1 tr-, ti OIl 
pro,!llc t o:f Ascaris. In add i t.L on J 
formod and aceta te h<1S been sllOwn to be tbe precurhor for 
this branche~ chain fatty acid. However, as mentie·ned pre-
ViOllS ly, pyruvate kinn.se ac ti vi ty is baroly detec t.able 
(Bueding & Sa~:; 1968) c .. nd theI'2.fol(~ pyruva to cannot be formed 
rrom phosphoenolpyruvate in the cytopJ.asrn. Recent findinffs 
by Saz & LescuJ:'e (1969) have elucida ted the pa tlnvay of' aceta-:o 
formation from nnla.te. 
'rhe anaerobic pathway of carbohydrA. to in Ascaris is thus 
in rnarkl'ld contrast to the anaerobic and aerobic metabolism 
of' the host. AdditionaJ_ly, cvtoc:lrome oxidase activity 
could not be detectect i!1. this heln:inth by a number of inven-
tigators (Buedinf; ~al.,1952j Kat~,U1ne et_al.~1962~ Chance 
Secondly, oXYe'en is toxic to soniC of the 
enzymo sys terns by virtue of the H2 0 2 i'ormed cUld it C::1.ll be 
presumed that oxidatative phosphorylation does not occur. 
studies on the mode of ac tion of thiabendazole on lI1i to. 
chondriaJ preparations froin H'::!:.8l.)~0.!lchus con tcrtus by 
Pri teh;:n'd 1970 have shOlvn that this anthelmi:ltic is a highly 
effective inhibitor of fumarate reductase in vitrll. An 
lnvesti~ation of th~ possj.hle inhibitory effects of tirlaben-
.1azole 8:1C. o':::her known Cll1t",Jlelmintics on -:he fUnJa:L'c:ti:e reductase 
ac ti Vl ty of mj tochondri;>.l ;>repa.ca tions froll1 Asc~:.i ~ and 
Fi'l~la WflS 1)n(~2rtHken, using' the incuba'cion systenJ oeser-ibed 
by Prj.tchard (1970). The str',lctur~s of the c,ompouncls used 
are shm.rn in Pi r;.5.1. 
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Fumaric acid VIas obta-lncd From B.D.H. laboratorit::s, l\'ADH2 
from Koch-Li{:;,ht lnborc. tories« Thiahcn(lazol{~ and camL,enclazolE\ 
,vcre {~i rts of t-'iercj(, Sharpe & Dohme, Rahway, N. J. Ben~.:;iiili-
dazoles listed in Di:::tfj'ram 2 weL"e gi fts of BeechalllS Research 
Labora tories, \val ton Oake. 
5. 2 .1. 
from freshly slaughtered shvep at Guildf'ord Abbatoir on the 
morning of the experiment and kept in ice-cold Krebs-Ringer-
phosphatE' pH 7.0. Approxin~tely )0 minutes a~ter collection, 
the worms vere rinsed i;t jce-cold saline~ blotted dry and 
hOJlJogenised in 1{. volu:nes of 0.25M sucrose, bu:ffer;:;d to pH 
7.0 with Na2HP0 4 (O.IM) and }~DTA. (O.OOIM). The hornoge::·~a te 
,,,,a8 fil tercd throu~lL nylon ~auze and cen.trifuged ax 700 x e; 
for 10 minutes in an M.S."8. High Speed 18 centrifuge using 
a 8 x 50 ml angle rotor. Tl1e supernata.nt was recentrifug'f-'d 
at 7,000 xg for 15 minutes, the pellet washed in sucrose, 
resuspended anrl. the recentrifug'ed at 17,000 x g ror 1:; 
minutes. The pel10t was a:~;ail1 washed and finally resuspended 
in sucrose buffer at a concentration of approximately 1 mg 
. -1 pl'oteln ml • In a similar f'a s hi. on , llti todlondrial pre-
para tions were made :from :fresh ?nd deep-frozen adult }t'a~~_ciola, 
5,,2.2. Me~~urernen t of fllmara te ::-euuc tase &.. succi~=!:.~-2E-2:~~ 
ae ti vi!'y-!. 
Determina ti on of f'uma!:'a te :cedu~ase and sllccin:i,c oxida.sa 
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\\' ARBURG -TYPE 
SIDfl;ARJvl. 
Fir~. S .3, Cuve t t;e wi th warbun;- type SifJGarrlI used 
for the de te1.'ldna ti on of fumara to reduc tase 
and Ruccinte oxidase a~tivity. 
VENTING SIDJ~AHH. 
QUAHTZ CUVETT~ 
• 
activities were detcrm:1.Jlod spcctrophoto:nctrically by the 
rneasur(~l11ent of the rate of NADfL, oxidation at 340nfil. Assays 
<.. 
for both enzymes were carried ont in q\lartz cuvettes fitted 
wi th \varburg-type sidearms (See Fig'ure .5.2.). 
oxidation at 37°c \vas measured ll~ing a Pyc unicam SP 800 U,.V 
spec tro-photollle tel' fi tted 'vi tll a thermos tn ticalJ:y controlled 
heated block, chart recorder and provision for reading 4 
cells in sequonce. R(~a:,r,(~nts, cnvettes c"tnd contelLtf} .vere 
gassed throue;h ,.ri th ni t.rog"Gn (fnmara te reductase activi ty) 
and R.ir (succinic oxidase etC ~::lvi ty) prior to the determina-
tiono The incubation system was formulated as follows:-
I.n cuve.Ue 
Potassium phosphate buf"fC'l" 
o • I~M, pH 7.0 
Magnesium chloride 100mB 
NA:CH 
Fumaric acid 50111~1 
Inhihitor in 0.1 rnl ethanol 
Enzyme preparation, approx, 
0.1 m~ mitochondrial protein 
Volume 
ml 
0.1 
0.2 
0.2 
0.1 
0.1 
TOTAL VOLU?>1E J 00 ral 
Samples were preincubated for three minutos. After pre-
ir.cu})a tj on, the cu'!ettes were sea leu and invarted to mix the 
contents. Tne chane-e in 
measured. 
----- ------_._--_._ .. _. 
Preparation 
Fresh Ascaris l11i tochond)~ia 
~---"---.--'------."---
i.Fvmarate reductase activity 
Preparation (Control) 
Preparation + Fumarate 
i.Fumarate reductase activity 
Preparation (Control) 
Preparation + Fumarate 
il.Succinic oxidase activity 
Preparati,)l1 
Preparation + Fumarate 
Protein content Enz.Activity 
JH~r incubation 
(m .'" \ 
'01 
nmol :'\)ADH2 
. Ii d .-1 OX1( sa nnn 
-1 
rng protein 
-------_. 
0.077 
0.091 
0.091 
33 + 4.3 
111 + 17 
32 + 2.2 
69 + 5 
33 + 0.5 
52 + 6 
~ze-d.~.~.ed Fa.8ciola tnt tochondria 
i. Fumarate reductase activity 
PreparatiC'll (Control) 0.112-0.160 
~reparation ~ Fumarate 
ii. Succinic oxidase Activity 
Preparation 0.117 27 .: 1. • .2 
P'~epar;'1 tioH + furnara te 40 + h 
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TABLg 5.2. Inhi.hition of fUl'v-tratC'! r(3ductaso activity 
-------.. --... --.---....-.-""--.---~--.. -- ... -~- .. -.---.. ,--.-----~.-
._---_._--------_._-_._---- .---- ... --.. ----.. --
Compound tested Concent.rat.ion 
of Inllibi tor 
1-1 ) 
,Nol. 1 
-----------------
Thiabendazole 10-3 
Thiabendazole 10-4 
Thiabendazole 10-5 
Carnbendazole 10 ··4 
Cambendazole 10-5 
Ethanol 7.1 x 10-2 
% Inhibition o:f 
fumarate reduutase 
dctivity. 
100 + 0.00*** 
68 + 1. h*-** 
58 -I- 0.4** 
100 + 0.00:;-** 
83 or 0.8*-x-* 
/.j·6 1- 2.1 
KEY 
* 
SIGNIFICANTLY DI.B'FEHENT FRON ETHANOL CONTROLS P 0.05 
** p 0.01_ 
*** p 0.001 
-iJ5-
1'APJ ',' t' J ,)...1" ). • 
mi tochond.rial prepara t:i.ons. All inhi hi tOl' 
Compound Tested 
Thiabendazole 
Cambol1dazole 
Tetramisole 
CCl 4 
Ethanol 
7b Inhihj tion of' 
fumarn. te l'eductase 
40 + 2.6-*-)<-
--
48 + 1. J-)(--** 
76 -I-
.-
9 -1(.** 
h3 + 2.8** 
30 + 3.2 
---..----...~-
1 
'}o Inhibition (~f 
succinic oxidLtse 
---- .----- .-.. ----
31 -:- l~ .3 
22 + 2.5 
h1 + 2 .. l~ ~;-** 
1::> + 3.1: 
16 + 5 
TABLE 5.4 Inh:lbi tion of fum2.ra to rednctase 2.nd s'~ccJnic 
oxidase activi ty of !j~<:t_s..£:!:.2l.~ mi tochondrial 
preparations. All inhibitor concentrations 
Compound tested % Inhibition of % Inhibi tiOe! cf 
fumarate reductase succinic oxidase. 
_._--
Thiabendazole 65 + 2-.1 *",.* 30 + 6 
Call1bendazole TJ + 4.8*** 34 + 8.4 
Tetramisole 79 + 20*** 77 + 1 .8*-1(-* 
61 + 2.6*-** 
Ethanol 31 + 4 19 + 611 
---- --._-------
---
.------.. ,-.. 
KEY' 
* 
SIGIaFICANTLY nlJ:i'FEn.ft~NT FROM ETHANOL CON'!.\HOLS !1 00 OS 
** p 0.01 
*** p O.OO~ 
From Tables 5.2 5.h. it Inay be noted that ~~thanol 
caUt;;ed a considerable inhibi "Cion of fumarate reduc·tasc activi ty 
succinic oxidase activj_ ty vas not inhib1 ted to the sa;11e extent o 
This effect .. las not repoJ:'ted by Pri tchard (1970) although an 
inh:i.bi tion of fumarate re.du.cta~"e activi ty by ethano] haG since 
been reported by Halkin et ale, (1972). 
Table 5.1. shm,,!') that the fumarate reductasA r.t.ctivity of 
fresh !:~~:..t.'i['?. mi tochondrial preparations was double that 
obtained with Fasciola mitochondrial preparations. }i'reeze 
drying furt11er reduce<.l the ac ti vi ty of Fasciola 111i tochondl~ial 
preparation to about 75% of the original activ~.t;". 
The ques+ion arises, is t'lll'larate reductase o:f majo:&. 
importance in the f'ermenta Lion of' carbol1ydra te in 1<'asc1olo.? 
Certainly, some doubt rehlains as to the importance o:f :fumarate 
reductase as an ener1:jY yieldinG pathway in ~cio].a ,,,heree.s 
:fumara to reductase has be~n sho"!ll in ~.£..~ to be a key enzyme. 
(Kmetec &. Bueci.in~ 1961). It might be argued that Fasciola -~-,
being a hepatic parasite, enjoys a high oxygen tension and 
sonElneasure o:f aerob!c oxidative phosphorylation might occur. 
Aerobic ox:'clation of carbohydrate would rertlove the necessi ty 
to utilise such energetically wastef"..ll :fermentations. 
The major fermentation product appears to oe dependent on 
the relative ac~ivities o:f 2 key·pnzymes. If' py!'uvate kinase 
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ac ti vi t y is higher th'Jl1. phosphoenolpyruvEt to c:.trtloxykiJlcu;e 
activity, lactate ia the prcduety sU{"'Gestj~ng that metabolism 
of phosphoenolpyruvate is diJ"oct0:d towards dephosphory.lr,-tiono 
In As<?~r:i.f~, pyruvate kinase act::"... vi ty is lowor than phoCiphoenol-
pyruvate carboxykin<.l.se aetivi ty, ",hi·ell provides r::ondi tio:ns 
strongly favouring oxaloaeetate :formF.ttion and succinate is 
the major end product. Therefore in helminths, Ier'lfIenta.tiol1 
in the direction 01 either succinate or lactate (and tbr.::nce 
susceptibility towards thiabendazole), may be controlled 
by the cOIYI.peting activi ties of pyruvate kinase and phos-
phoenolpyruva te carh0xykin<::: .. E:'~1. Further j.nformation on the 
rela ti ve amounts of thefle two 1111 t~~ch011drial enzywes in c3.ch 
species, would allow pradicti~n of the most suitable typo 
of anthelmintic to employ. 
Table 5.2. sl!o'l7s the inhil:-itioll of fumarate reductase 
activi ty of As~j..E. mi tochondria.l pre para tion3 by thiabendazole 
and cambendazole. A dose-response relationship of inhibitor 
concent.ra tion v % inhibi tion ,,,as noted for both druB'S. 
Thiabendazole caused a total inhibitiull of fumarate reductase 
activity at a concentration OI~ 10-3M, a finding in ag-reement 
'wi th Pri tchard (1970! who used i.laellJoncl~_<:.2E...to:rt.~ as the 
test orgClnism. Cambendqzole a0hieved the total inhibition 
of fumarate reductase activity at a concentration of 10-4H. 
Hoff E'+; ale • (1970) have show,... that cambendazole has an 
anthelmin:::ic potency six times that of thiabendazole, alld has 
a similar anthelnl~_ntic sp~ctr:.~m. Cambendazolc i.s an allaloGue 
of thiabonda!6ole (J?igtJre 5.2...) posl3E'ssing an acyl-amino G'roLlp 
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at the C5 position. The increase in efficacy was attributed 
to a less rapid 5-hydroxylation by the host (Hoff et al.,1970) 
The results obtained in this study of the inhibition of 
fumarate reductase activity, ~t:(-;gests that cambendazole was 
more potent due to an increased anti-fumarate reductase activity 
in both Ascaris and Fasciola. Similar results have been 
obtained by Malkin & Comancho (1972), who investigated 
fumarate reductase activity in thiabendazole-resistant and 
sensi tive strains of Haemonchus conto_rtus. Van den Bossche 
(1972) has noted that carbamate sidegroups on benzimidazoles 
or substitution at the C5 position of the benzimidazole 
yielded compounds with uncoupler activity, causing depletion 
of the parasi tes I glycot;en stores. Carnbendazole is substi tuted 
at the C5 position by~a oarbamate function. These findin~s 
indicate that slight modifications of the molecule result 
in new and unexpected modes of anthelmintic action. 
Thiabendazole and cambendazole were found to be moderately 
effective a~~ainst fumarate reductase from fresh Fasciola 
mitochondrial preparations (Table 5.4.) but not so effective 
against f'umara te reductase preparations from freeze-dried 
l!~asciola (Tables 5.3 & 5.40)0 Other known anthelmintic 
agents were found to inhibit fumarate reductase activity 
in these trials o Tetralflisole was effective against Fasciola 
succinic oxidase and fumarate reductase activity, and 
CC14 was found to have mod~rate inhibitory activity against 
fumarate reductase from both fresh and freeze-dried Fasciola 
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prcpc,ra ti.ons •. 
In sumrnaxy, the ox:i.cht:i on of 1\;ADH2 coupl(~d Hi tIl t~-lf! 
pr()dllct~.on of' ATP and ::,',(c--::: j na te hy tllO f'l,1llia)'hi.;c rodue t;-l s~ 
system is a 'mechanism \o[11ich is confined to the p3.rasi to :i.n 
the host-para:3i te rela tionship ~ and is therei'ore idoG.lly 
plac,~d to be exploi ted. for antllclmtn tic action. Poten tia 1 
aT1thelIl1intic~ could be sCl't:>enod by observing their e:ffIO!(;ts 
.!!L . Y~~ on the fut;J<1r'ate reductase system of heIT:'inths. This 
would require 0nly small amounts of the chemical under in-
v8st:i {';a tion, leading to ecc~)omi(:;s in the amounts cf' chemicals 
required for testing and allowing a rapid evaluction of 
an anthelmintic potential. 
-1'-/-(1 •. 
CHAPTER SIX 
Conclusions. 
Conclw::ions. 
----.., .. __ .------
As will be recalled from Chapter 1, the purpose of the 
work presented in this thesis ,vas to cllaracterise thiabendazole-
5-hydroxylation in the rat, and to stuay the effects of 
inhibi tors of thiabendazole metabolism, 'ITi th a view to 
increasing the anthelmi.ntic poteney of the drug. Of the 
inhibi tors studied, desHle thylimiprarnine "las the only compound 
tha t w,-HJ found to match the stipulations discussed in Chapter 
1 • -1 Desmetl1y.:!.irnipramj.ne adminis tered orally to ra ts at 80m{;kg 
w'as found to significantly inhihi t up tc 1 L, l~ours a,:ftE:l' doSirl(;. 
rho inhibi tor was rapic.ay absorhod and the lei (desmei;hylimipramine) 
was of the same order as the Km( thiabenda7,ole) • The net ture 
ot' the illhibition is complex, although bindin~ experiments have 
shown that at high substrate concentrations, desmethylimipramine 
binds a'l; the type II si te. 
1{hy then did desrnethylimipram:ine fail to inC1'e8s0 the 
Rfficacy of thiabendazole iTl the anthelmintic potentiation 
test? Previous research had indicated. that oral closing of' 
ra ts ,"i th. deslile thylimipramine + th:i abendazole , resul tect in 
elevated levels of thiabendazo10~ the upper intestjne for 
a't least 20 hours after riosinG'_ Similar resul ts were fOl~tld 
:,ii th, combina tions oi' ethoxyquin + thiabendazole. I am rorced 
tr cOJ' .. clud~ tha t nei t.h(~r inhibi tion of thj abelldazole-5-
hy'drox) lase, nor inhibi tion of {~astl:'lc emptying are the 
mechan:.SIPS by wld.dl ethoxyqni il increaseG thiabcndazple 
efficacy. Aspi l'in, "lld c il inhi bi ts gas tric emptyiJl:; j n the 
rat, also did not cause an increase iTL erficacy when co-
administwced wi t11 thia.bendazolc (Table h.ll.). FUJ.~tl,.'~rmore, 
ethoxyquin Ivas most effective when co-administered wi th 
thiabendazole, rather than ~]hortly prior to t;liabendazole, 
when inhibition of gastric emptying by et1:oxyquin would 
have m~;lxiJ\lrt.l. 
~levation of ~ut concentrations of thiabendazolp does 
not result in i~Tea tly increased ef':ficacy in an thelmin tic 
potentiation tests, as shm"n in Table 4.11. Altho,lgh, 
-1 trea tmen t ~.,i tIl thiabendazole (:P 500 m{; kg . as c('ltnpared t,) 
d f 250 1 -1 It d 1· ... 1 20,.1. . "j" a ose o' 1l1g" (g resu e ,a ;0 11lcrease 1.n eJ. :l::::acy 
(Table 4.10), it is more usual to find only Q 5~ increase 1~ 
efficacy per adJi tional 250 mg kg per os, as indico. ted 
in Table h.ll. 
An alternative explanation for the syner?~istic ef'f't!cts 
of ethoxyquin on thiabendazole efficacy is therefore urcposed. 
As a facul ta tive ane-.erobe, the parasi te ~~b?:....~ is alJJ.e 
to swi tcb. from aerobic to anaerobic pa tIn'laYs 0 f carbohydl~a te 
catabolism if conditions (i.e. deprivation of oxy~en) dpmands 
it. 'rhe mechanism of i..nerobic carbohyda te metabolism in 
helminths ha.:. be0n describc~l by Van Den Bossche (1972),. and 
t1:..e pnzyme f'umara te reductase appears ;;0 pluy an important role 
in the generation of ATP frolll malate (see Chapter 5). 
I sug/:iest tl1at pretreatment with .... n ar..ti-ox:Ldant s1lch as 
carbuhyd':'u te me tabu li:,~m, ford.n(,,' the paras i te to ~wi. tcll to 
the anaerohic f'umara te r(~ductas(~ p8 thway. }Io"lever, a.s 
thiJtbendr:lzole appears to be () selec.i:;ive i:nl!i.hitor' of fll1112,rate 
reductase (Pri tcllard, 1970 ) ,(;110 combined trea twen t waul d 
lead to a hlockilJg or boi:;h aerobic and anaerobic put}n.:ays 
of' metabolism and hence to the doa th of' the parasi t.o. 
Cambendazole and Parbendazole have s.Lrnilarly been ShOUll 
mi t08honrl.ria. It would be expected tl10refore, if my proposal 
is correc t, that pretTca tment o:f mice vii th these drugs in 
combina tion ~'ri th ethoxyquin, ,""QuId lead to an incroi'l.80 in 
efflcacy a..:rainst N. du'nius :i.i1 field trials~ Pretrcatn',en+' t., _ _ 
wi th pipC':cony I bu toxid(~ or B. R. L. 7655, nei thel' of w~1icll 
compoul1~S inhibi t thiabenda.zole-5-hydroxylase sig'llificantly, 
do not cause an increase in efficacy when co-administered 
wi th tld,abendazole a1 though 1 -dodecyl imidazole t a cOll1pound 
wi th Glight illhi.bi tory properties does increase th~.abendazo1e 
officacyo (Tahle h.12.). The possibi.lity that Inhihitie>ll of 
the host's drug'-metabolisln~ enzymes mit:ht lead to an increase 
in an+hellnintic potential, cannot therefore be re ~ected; 
although, in tbis instatwe, I am of the opinion that inhibition 
of gastro-intestinl".l absorptioll of anti-par3.si tals lliight 
be th€ .llOst promi.sine- area of research to pursue. 
In 0 t:lCr f i.e leis, co-admini s tra ti on oi' compoun(~s wi th 
inhibi i'ors of their me tabo 1ism coulc': be useful. J:t .... or examl-'le) 
cel'."'tain rlrues-such as procainanide- are lind ted in their 
rn0taboli~.:;m. Inhibition o:f proc<d.m'.a;ddo metabol:l.Bnl Inl.,':ht 
pro·I:Ld(~ ;c) lead to f;olving the problem of' Hie'intaj.nirtg a 
stable; c ~Jr1Centrat:i on of the drug a t the <leti vo 8i to. 
RowlAnd s; t !:..:.l (197.l) have even quos tton(~d the '\<li~_)dom 
of admini G taring by the ora.1 ron to, any dru{~ ! • .r:l th a hi{r,h 
hepatic clearancp~ Since oral administration' is the maGt 
acceptabl0 HIC.l"i;hod or dosiIl{';, combinn tieD. of a rap:l. dl.y 
metabol:i ... ~,()d. dru:r~' such as lidocaine "\-li til au inhi b:L tor 
of' :i. to me tn.hol.:i.. 811\ mii";h t prev ('11 t sueh a rapi.d cl:tmilla ti on. 
The combination of' phol1obarbitvne vJi.th n diphenYl-
hydantoin j.s considered at prosent to be the optirnal 
therapy in the treatment of epilepsy (Mors0Jli 8t a1 
. --'" ... _-' 
lr).""J) 
._' I - • 
i;lasma levels vf both drues are related. to the thera.peutle 
ben oft t J and it has recently been sug-r;-(~sted tl1qt a possiblo 
important :factor. in tho jo:i.nt therapy 11.-, the inhibi t:i.on of 
phenobarhi tone hydroxyla cion by diphenylhydanto:':"n. Finally, 
since inhibi tion of In(~tabolism (l:f the polycyclic hydrocc:trbon, 
benzpyrcilc, by 7, 8·~b0nzoflavone parallels pl~ovention of 
polycyclic hydrocarbon toxicity, trea~nJent with 7,8-benzo-
flavOIlH rd{~ht be a useful therapy in cases of' accidental 
polycyclic hydrocarbon inhibition. 
During the course of' this thesis, a nel'! type II assay 
for cytoch:.coJnc-P lt50 -dependent dru{;-lIlctaboli[;;ing enzY)lW s 
has been developed. At the present time" the number of' 
routinely employed type II drug-rnetabolisin,o: 0n:"~Yll1e as::;ays 
are f'aw. Almost the only assay used is that for p-arninopllenol 
tb.e Inaja)." r.lct~lboli te ronlWti clu:'ir;g the hydroxylation of 
The colonr~nlctric 
assay for aniline.-p-hydroxylas;3 r.\ctivity is quick and 
lends itself to aatomation (Vurn0:r £!.~:!., 1971,1972). The 
disadvantat~e or this aDsay is that the l0i1er limi t 01' 
d t t · . 1 t 0 01] . 1 ·1 J- 1 e -eo 1.0n :1.8 a )OU·· • umo _e p-I:;Ulllnop.leHO . III 0 Also, 
p-aminophenol accounts for only about 63~~ of the J.n.2J.!.!:2. 
metabolites or aniline in the rat, t11e other beinG o-amino-
phenol and m-nrninophenol (AoRahirn, personal OOllllllunica tion). 
The method of determination of the amount of 5-hydroxythj.abendazole 
formed on hydroxylation of thiabendazole is also ravid, and has 
the advantage of a lower limit of sensetivity (0.001 ~molo 
-1 5-hydroxythiabendazold 1111 ) than the aniline assay. Bor30ver 
!-n vi t:!:,£, tlLiabendazole is me tabolised almos t E'XC lw:;i vely to 
';_hydroAythiabendazole in 1"a t, sheep, pi,'>,' and mouse 
Jr.:tcrosomal preparations. 
Thiabendazole···5-hydroxylase sho\</s characteristics typical 
of a Cytochrome P450-depondent enz~ne, as descrihed in 
tnesis. In addition, other factors influenc-i.n{;- t~e activity 
cf thiabendazole-5-hydroxylase have been 8 tuctied. Thi&~)ehdazo16-
5-hyd~ oxylase 81101'!S an tn t8re sting sex varia tion in the rat, 
)I'icrosomal prepara tiolls l'rotll r:ale ra t8 havinG 3°;6 morE> aoti vi ty 
t!1an prepa1:'a tions 1.'rorn female ra ts. Thf,se t'inding8 a!"3 similctr 
to tho:.:;e fonnd 1.'01' aniline hydrC'xylase and other druk·-n10tclt,oli[:~ .. ng 
enzyr>le activitief: (Eato et al o , 1964, 19682':', 1968b)o :Ln both 
sexes, maxlmal CiO ti vi ty i!l....Yi 1:;.ro was found at 39-42 days. 
However Gram e tal. , ( 1969) have found that Vmp.,; 1'01" ani.line 
hydroxyJasc occllr(~cl in l'i'l.t l'iver ;n'ep(}r'd;ion~; frolll 11! day-olel 
rats. ']'10(1 cllall(t'HS in thiahcndazolc··5·-hydroxylnsn &cthr:i. ty 
do not lltirror the trw steady increilse in cytochrome P, -0 
+) 
content secn in liver prep:lrations from rats aged 15·~L!.() days. 
In the mouse, maximal thiabendazole-5-hydroxylaS0 actlvity 
was found at 28 days, a.l thou!'.;ll a sex variation in the r-tC ti vi ty 
of this enzyme was not apparent, as in the experiment,s of 
fI:Cver~r morning he ,"e11'[; out with his umbrella. and put a 
stick in tne place where the water came up to, and every 
next mornin~ he went out and couldn't Gee his stick any 
rr.ore, so h~ put another s t::. cl.;: in the place whf:re the 
WH tar ca.me up to, aad then he ","alked home again, ,jTLU 
each morning he had a shorter w:-,y to walk than he had had 
the morninff before. On the morning of the fifth rlay he 
saw the water all round him, and knew that for the first 
time in his life he was on a real island. 1I 
A. A. Milne 
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